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DEVELOPMENTAL STUDIES OF PERCEPTION! 


WOHLWILL 


Until fairl contrast to the consistent 


ontogenetic evelop! t per neg! of this topic in prior text- 
tion on the part { | I | ‘ ) n this field 

psychologists has b ay t 1s would seem, then, to be an 
best. Work on th picious time for a review of the 
venerally igno the 1 ter extensive literature on this topic, 
ture 
that of 


Vernon’ 


h of which, being of foreign ori- 
s generally unfamiliar to Amer- 
vchologists 


tion an er 1957) compar lhe present review is limited to ex- 
tive hol ' tr tise repr perimental studies involving com- 
notable excep ’ parisons among two or more age 

There are, | f ¢ f a det groups. In order further to delimit as 


ite reawaker rply as possible the area covered 
problem of perceptual dev t 1y this review, studies dealing on 


of late, paral per tl I th ne hand with tasks of a pri- 


revival cognitive, con eptual or psy- 
homotor nature, and on the other 
1955). Thus ind with responses known to be 
individual studies, as we ’ \ | direct functions of receptor mecha- 
more extended rogrammat nisms (e.g., temperature sensitivity, 
search proje ich those | dark adaptation, etc.) were excluded. 
Edgren (1953 I] 195 5! Following a brief consideration of 
1959b am ipner } e1 methodological problems, studies will 
1957 be reviewed under the following head- 
ngs: sensory thresholds, illusions, 


lems i lifferent developn ta orientation and localization, the con- 


sit 
plore 
levels stancies, depth, form, number, move- 
ment, time, and perceptual learning. 
\ concluding section will be devoted 
© a review and discussion of the 


major developmental trends uncov- 


ered in this review 


METHODOLOGICAL CONSIDERATIONS 


\ variety ol methodological prob- 
, a ng ong RP ~ lems faces the investigator in this 
Way er od Mort Wie ‘ ' parti ular field. Since some of them 


acknowledged have rarely been spelled out and are 


249 
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frequently ignored in the design and 
execution of experiments, they 
discussed here briefly.* 

First of all, several problems arise 
with regard to the sampling of Ss 
in cross-sectional comparisons among 
different age groups. Apart from the 
obvious requirement of comparabil- 
ity among the samples representing 
the various age levels, the choice of 
the particular age groups to be in- 
cluded in an investigation deserves 
more careful attention than it is gen- 
erally given. It is patently not valid 
to extrapolate trends obtained from 
a few age the 
whole course of development, since 
age trends in this area are frequently 
discontinuous, nonlinear and even 
U shaped. Ideally, then, the investi- 
gation should include enough age 
groups to allow a determination of 
the total developmental trend over 
the age span under consideration. 

Secondly, several points may be 
brought out with respect to the 
statistical analysis of developmental 
data. The ordinary analysis of vari- 
ance is altogether insensitive to the 
order among the groups which are 
compared; thus it is relatively lack- 
ing in power when applied to the 
means of a number of groups repre- 
senting points on an ordered variable 
such as age. By the same token the 
finding of significant age group ef- 
fects does not itself convey any in- 
formation regarding the form or even 
the presence of a 
trend. A decided improvement in 
this situation is the technique of 
trend analysis, particularly as de 


are 


selected groups to 


consistent age 


? A more extended treatment of the subject 
of experimental methods in the study of per- 
ception in children, by Eleanor Gibson and 
Vivian Olum, will appear as a chapter in a 
forthcoming handbook on methods in child 
psychology. The writer is indebted to Eleanor 
Gibson for 
chapter. 


a prepublication draft of this 


WOHLWIL! 


veloped by Grant (1956) to handle 
nonlinear In applying 
this or similar parametric techniques, 
one needs of course to be alert to 
heterogeneity of variance in the data, 
since variability between Ss fre- 
quently decreases with age, accom- 
panying increase in accuracy 
(intrasubject variability). Under cer- 
tain furthermore, 
even an increase in variability with 
age may (e.g., 
1933). 
Finally, in 
studies that 


regressions. 


an 
circumstances, 


occur \limpfinger, 

the majority of the 
rely on one or another 
of the psychophysical methods, there 
are various factors basic to the judg- 
ment being made which the develop- 
mental investigator needs especially 
to keep in mind, since the contribu- 
tion of such factors may not be con- 
stant across different age levels; thus 
they may in themselves account for, 
or at least seriously affect, the age 
changes observed in a given situa- 
tion. For instance, the methods of 
limits and adjustment typically give 
rise to starting-position effects which 
have to change in 
amount and even direction with age 
(Piaget & Lambercier, 1951b; Wap- 
ner & Werner, 1957). Consequently, 
even if the results from increasing 


been shown 


and decreasing series are averaged, 
the PSE’s thus obtained will be sub- 
ject to varying amounts of error at 
the different age levels. This consid- 
that in 
comparisons of 


eration 
mental 
values 


suggests develop- 
threshold 
particular these methods 
are of doubtful usefulness. 

\ diffe error, 


mon to all methods in which a stand- 


rent constant com- 
ard is compared to a series of vari- 
ables, is the so-called “‘error of the 
standard”’ (Piaget & Lambercier, 
1943a): the stimulus serving as the 
standard tends to be overestimated. 
This effect appears with particular 
prominence in constancy experiments 
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(Akishige, 1937; Piaget & Lambert 
1943b: Piaget & 
1956a), but has 
various 


cier, Lambercier, 


been noted also uu 
other 
Lambercier, 1943a, 1953, 
ers, 1905). | 


lampieri (1955 


(Piaget & 
1956b Riv 
a study by 
that the 
direction of the error of the standard 


situations 


irthermore, 


in lic ates 


may change from over- to underesti 
mation, depending on the absolute 
size of the standard, which suggests 
an interpretation in terms of adapta- 
tion-level theory (Helson, 1948 lf, 
as argued by Piaget and Lambercier 
1943a), this 


and a 


error decreases 


age certain amount ol 


dence supports this assertion 


clearly 
eftiect 


imperative to ¢« 
when MlakKil 
among age groups 

A further constant error may 
when the S has to match a standar 
to one of a set of variables prese nted 
ordered series 


1946a 


tral tenden yY ere 


simultaneously in an 
According to Lambercier 
a strong cen 
ters into such judgments, s\ 
cally shifting the choice of the vari 
tion of the mi 
This effect 
be related to the 
ard, as 
1955 


able in the dire idle of 


the series which may 
error of the stand- 
interpreted by Tampieri 


again ippears 
with age 
In conclusion if 


large proportior 


very 
to be reported here is opet 

inother of the above 
This | 
extended 
Piaget and his 


which 


cism on one or 


mentioned grounds applies 


particular to the series of 


studies by collabo- 


rators, bulks rather large in 


our review, and whose short 


COMMNES 


should thus be noted in brief. First 


ol all, most of these studies empl ya 
fairly 


unorthodox psychophysical 


method devised by Piaget and I 
bercier (1943a ior us 
in which 


im- 
with children, 
the experimenter attempts 


to “zero in’ on the PSE by alternat 
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ing between variables on either side 
of it. Although this “clinical con- 
centric method” permits a relatively 
rapid determination of an S’s PSE, in 
ictual application it appears to be 
far from systematic and relatively 
lacking in precision. 

A second point concerning Piaget's 
work is the general neglect of mat- 
experimental design (e.g., 
order of presentation of different ex- 
perimental conditions) and of tests 
of significance. 


these 


ters ol 


Closer attention to 
might perhaps have 
Piaget’s general tendency 

overinterpret his results and to 

age in lengthy ad-hoc explana- 

ns for findings of frequently dubi- 
ous tendency not 
calculated to enhance the readability 
reports (for example, cf. 
Piaget and Lambercier, [1953]). In- 
deed, this weakness tends to detract 
from the appreciation of the very 
real contribution which Piaget’s work 
represents, in its investigation of a 
large variety of significant problems 
the ingenuity and thorough- 
ness displayed in the manipulation 
of pertinent stimulus variables. 

If in examining these studies, then, 
as well as those from other sources 
which are frequently no less subject 
to methodological criticism, a rather 
heavy strain may seem to be placed 
on the reader’s willingness to “‘as- 
an attitude towards the mere 
possible’’—as Goldstein and Scheerer 
1941, p. 4) put it—this appears 
nevertheless to be a price well worth 
in view of the interest of the 


points 


checked 


signifiicance—a 


of his 


ind in 


ume 


paying, 


‘problems and the theoretical issues 


which they will be found to raise. 


REVIEW OF EXPERIMENTAL STUDIES 


Sensory Thresholds 
rhe regarding age 


changes in absolute and differential 
sensitivity for various physical di- 


evidence 
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rather 


will be reviewed 
briefly, relying in the main on Peters 
(1927) the 
this topic. (Except for some studies 
on absolute sensitivity in infancy 
reviewed by Munn [1955, ch. 8], not 
much relevant work appears to have 
been carried 
Peters cites 
which sensitivity decreases with 


mensions 


review of literature on 


out more recently 


certain functions for 
ge, 
such as the upper and lower absolute 
thresholds of pitch, as the 
two-point threshold of 
tivity. Most differential thresholds, 
on the other hanc 
with age, i.e 

proves. 


well is 
skin sensi- 

steadily decrease 
discrimination im- 
Particularly marked changes 
in this direction have been found for 
pitch, weight and 
as for the recognition of 
threshold 
terms of the degree of saturation re- 
quired). Visual likewise 
proves with age, although the 
studies cited by differ 
respect to the amount of 
ment found. 

The question of the discrimination 
of visual extents deserves special at- 
tention in view of its immediate rele- 
vance to many of the problems to be 
discussed. During the period from 
about 12 months to 3 or 4 years, sub- 
stantial changes in differential sensi- 
tivity for size, width and area have 
been shown by Welch (1939a, 1939b 
at the same time these studies indi 
cate that by dint of prolonged prac- 
tice over periods of from 4 to 12 
months in the life, 
discrimination can be brought up to 
the level of considerably, 
trol Ss. After the age of about four 
or five years, however, little further 
change appears to take place in the 
ability to discriminate size or length. 
Thus, Giering (1905) found no dif- 
ference between 6- and 14-year-old 
children in their ability to reproduce 
a distance between two points 


is W ell 
the 


here in 


Saturation, 
hue 
being measured 
acuity im- 
two 
Peters with 


improve- 


second year of 


older con- 


the 


WOHLWILI 


periormance ol children below 


the 
age of six is inferior, but this is quite 
likely due to the cognitive difficulty 
of the task estes (1959) likewise 
the accuracy of 


reports that 
judgments for triangles, circles, and 


Size 
squares does not change in the age 
kindergarten 

| 1926) 


students olkelt 
( losely 


range from to college 
also ob 
tained = very 


thresholds in 


comparable 


his three age groups 


three- to six-year-olds, an unspeci 
fied school-age group, and adults) for 
comparisons of three-dimensional ob 
jects, 1.€., 
the 


substantially 


For lines and cir- 
did yield 
thresholds than 
the other two groups (at all age levels 
the width of the threshold was least 


lor spheres and greatest 


spheres 


cles youngest 


group 
higher 


for lines). 

hese results for visual size judg- 
ments thus 
to the 


generally go counter 


substantial developmental 
changes in differential sensitivity for 
the dimensions of pitch, weight, hue, 
and sat 


This 


greater complexity 


iration noted previously 
reflect the 
of the proximal 
the case of the latter di- 
mensions, and the opportunity thus 
created for dif- 


ferentiation of the relevant informa- 


discrepan may 


stimulus ir 
progressively finer 
tion in the stimulus, as argued by 


and 


dis« ussion 


Gibson Gibson (1955) in 


their 
ot perceptual learning. 
Illuston 


Due in 
terest 


part to the 
Pi iget 


laborators in the investigation of a 


persistent in- 


shown by and his col- 


large variety of illusions, this topic 


accounts for a considerable and per- 


haps disproportionate share of the 


literature on the development of per- 
ception 


\s we shall see, however, 
much of this work touches on prob- 
lems of more general significance to 
In order to 
facilitate comparisons among studies 


perceptual development. 


on the same phenomenon, the results 





Iusion and Refers 


Iboeuf, (Fig 
1905 


for the mort 


sions ire S 


MMARY 


some of these, 


and contrast 
duced in Fig 
Spatial a 


A 


this review 
velve to the 
of subjects su 
Given the comp 
the als ost 


would seem 


PERCEPTION 


SELECTED ILLUSIONS 


Only four values of v 


Err studied as 
ad naions of fig 


Variables displayed in ordered 


series on chart 


No psychophysical measures 
For percentage of Ss, aments 
“normals; dements lowest 

Aments — normals of same M.A 

Adults not naive Illusion 
lowest in aments 


Practice effects studied (see un 
der perceptual learning 

Errors studied as function of di 
mensions of arrows (see text 

Normal illusion compared to 
that in Fig. 3 (see under 
form 

Strong anticipation effects 
Adult aments —11-year nor 
mals 

Figure presented vertically; an- 
gies of arrows varied 

Illusion increased on retest of 
6-9 group 3 years later 


Some differences between adults 
of differing educational back 
grounds 

Data show overestimation of 
standard (whether V or H 

Trend confirmed in retest of 6 
9 group 3 years later 

Based on drawings (V to be 
equaled to I 

Various figures used; lines most 
ly nonintersecting 


| The work on the Delboeuf 
ind parallel-line illusions indicates 
that effects of assimilation to con- 
textual stimuli decrease with age (cf. 
Table 1). This is shown clearly in 
the study by Piaget, Lambercier, 
Boesch and von Albertini (1942) on 
the Delboeuf illusion (Fig. la), in 
which the relative size of the circles 
was systematically varied, yielding 
an S shaped function, as illustrated 
in Fig. 2. (The curves in Fig. 2 ac- 
tually represent an idealized com- 
posite of five separate sets of curves 
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@: concentric 
circles 


(Delboevf) 


d: Titchener 
circles 


O 
OnO 
co 


Fic. 1. Illusions of assimilation and con 
trast, as investigated in developmental studies 
c ited in the text 


obtained for different absolute values 
of the stimuli. In particular, in 
of the five the age 
curves differ substantially in the 
points at which they the X 
axis.) It will be noted that beyond a 
certain point further increase in the 
size of the context circle results in a 
contrast phase; however, only for 
the younger children does this phase 
appear consistently and prominently. 

Very similar results were found by 
Piaget and von Albertini (1950) for 
the parallel-line illusion (Figs. 1b 
and ic). Again, as the relative 
lengths of the inner and outer lines 
were varied, 
creased, then decreased, changing 
eventually to contrast, though mainly 
for the children. Furthermore, varia- 
tion in the vertical distance between 

$ 


three 


cases separate 


cross 


assimilation first in- 


WOHLWILI 

the middle and the outer lines re- 
sulted in a change from a slightly 
negative to a strongly positive error 
(i.e., of the middle 
This latter re- 
sult, indicating that this variable op- 
erated at the same time to increase 
assimilation (in Fig. 1b) and contrast 
(in Fig. 1c), together with the finding, 
corroborated in the Delboeuf study, 
that both assimilation and contrast 
effects decrease with age, suggest the 
possibility that both of these effects 
may be reducible to a single mech- 
anism, 


overestimation 
line for both figures). 


Piaget, in fact, has proposed such 
a mechanism, which he terms 
tration,” 
toa 


“cen- 
and which he has applied 
of illusions and related 
phenomena in perceptual judgment 
This mechanism produces systematic 


Variety 


distortions in perception, due to over- 
estimation of the fixated elements of 
the stimulus field. In the course of 
development, however, these distor- 
tions are increasingly offset by “ 
centrations,” from 
mobile and effective exploration of 
the total f Lam- 
bercier, Albertini, 
1942 


de- 
resulting more 
igure (cf. Piaget, 


Boesch & von 


.,. ae 


“ 


ng te adius of inner circie 


F1G. 2. Strength of concentric-circle illusion 


as a function of the relative width of the ring 


(after Pi get 
Albertini, 1942 


Lambercier, Boesch & von 
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Through further elaboration of 


these constructs Piaget has indeed 


arrived at 
perceptual judgment 


model tor 
Piaget, 1955) 


which he has successfully applied to 


a probabilistic 


which 
the tvpe 


a variety of illusions, all of 


feature error curves ol 


shown in Fig. 2 as a 


function ol spe 
cific stimulus dimensions (e.g., Piaget 
& Péne, 1955; Piaget & Vurpillot, 
1956 For purposes, 


the main point is that according to 


our however, 
Piaget's theory the shape of the error 
function remains constant with age, 
the extent of the illusion decreasing 
all the function 
Thus both assimilation and contrast 
Yet Wap 
in their study 
Fig. 1d 

an illusion at least superficially sim- 
ilar to those which we have been con 


over portions ol 


with 
1957 


should decrease age 


ner and Werner 
on the Titchener circles 


sidering found a contrast eflect 


which increased with age. To 
extent this discrepancy may be a 
tributable to possible central-tend 
ency effects arising from the exposure 
of the variables in an ordered series 
cl methodology section and to 
extent it reflects 
the 


in this illusion 


what a more basi 


difference in processes operating 


is difficult to decide 
sSvstemati 


at this point variation 


of the stimulus dimensions, as in the 


by 


and his collaborators, should 


above-mentioned Piaget 


lead to 


studies 
clarification of this questio 
Temporal contrast effect \ study 
by Ikeda and Obonai (described in 
Sagara & Oyama, 1957) conclusivel: 
the Delboeuf illu 
la can be tr: 


assimilation to a 


demonstrates that 
nsformed 
ist 


m- 


sion (Fig 


from an conti 
phenomenon by cha 
\ 


nip 


nging the te 


poral relations between the ex 
d inner circles 
De 


velopmentally there apppears to be a 


posures of the outer a: 
from simultaneity to succession 


similar opposition between the simul 


taneous and successive conditions 
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This is indicated in Piaget and 
(1944) study of the 
Usnadze illusion, which is essentially 
equivalent to the Delboeuf illusion 
under successive presentation: two 
circles differing substantially in size 
are repeatedly exposed in a tachisto- 
scope, following which a standard is 
shown within the area formerly occu- 
pied by the larger circle. A contrast 
effect develops (i.e., the standard is 
underestimated) which is greater in 
adults than in five- to seven-year-old 
children, in the sense that the illusion 
grows at a faster rate for adults as the 
number of presentations of the induc- 
ing stimulus increases. At the same 
time, | the effect dissipates 
more rapidly for the adults after the 
final exposure of the inducing stimu- 
lus. It is of interest to note the cor- 
respondence of these findings with 
those of a recent study of figural af- 
tereffects in normal and mentally de- 
ficient adolescents by Spitz and 
Blackman (1959), who found that 
their normals satiated more quickly, 
but that the effects also dissipated 


Lambercier's 


however, 


faster, in comparison with the men- 
tally group. 
Piaget and Lambercier’s explana- 


deficient 


tion of the increase in contrast with 
ige, in terms of adults’ greater sus- 
ceptibility to anticipation or set, re- 
ceives some support from the similar 
developmental trend found for the 
ize-weight illusion, which has usually 
been attributed to the contrast be- 
tween the perceived weight of an ob- 
ject and that anticipated in view of 
its size. As Table 1 shows, suscepti- 
bility to this illusion increases mark- 
edly with age; it is also smaller in 
mental defectives as compared to 
normals of the same chronological 
age 
The This 


Miiller-Lyer illusion. 


well-known illusion has proved very 


popular in developmental investiga- 
Table 1, which 


Lions, as 


seen in 
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shows, moreover, substantial 
ment the 
regards the decrease of this illusion 
with age. 
ally been interpreted in terms of the 
younger child’s difficulty in 
ing the parts the 
problem which will be more thor- 


agree- 


among several studies as 


This decrease has gener- 


isolat 
from whole—a 
oughly discussed in the section on 
form One 
question which remains to be settled 


perception empirical 
concerns the pattern of changes in 
this illusion through the period of 
adolescence. The studies by Walters 
(1942) and by Wapner and Werner 
(1957) both indicate a rise in the 
strength of the effect in later adoles- 
cence and early 
in the studies from the Geneva lab- 
oratories (Noelting, in press; 
Maire, & Privat, 1954; Piaget & von 
Albertini, 1950) the adult 
yield the smallest average 
(None of the Geneva studies, how- 
ever, included Ss in the adolescent 
range.) 

The investigation by Piaget and 
von Albertini (1950) is of special 
interest for the comparison made be- 
tween the Miiller-Lyer and the par- 
allel-line Pointing to the 
formal similarity the two 
types of figures (the latter may be 
derived from the former by eliminat- 
ing the arrows and connecting their 
end-points), the authors have studied 
the changes in the Miiller-Lyer as a 
function of the same stimulus vari- 
ables manipulated in the parallel-line 
figures. These changes, as 
those due to age, 
which is closely similar to that found 
for the corresponding changes in the 
parallel-line illusion, even though in 
absolute terms the effects for the 
Miiller-Lyer are much stronger. Thus 
the inference of 
operating in the two situations ap- 
pears justified. 


adulthood, whereas 
Piaget, 


groups 
illusion 


illusion 
between 


well 


as 


follow a pattern 


common processes 
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De- 
de- 


lhe horizontal-vertical illusion. 
considerable 
work this 

the nature of 


remains 


spite a amount ol 
illusion 
its 
uncertain 
In view of the differences among the 


velopmental 
(cl Table 1 


( h tnye 


on 


with age 
various studies in the types of stim- 
the 
methodology employed, and in view 
the 


ulus figures used, as well as in 


also of failure to control system 
atically contaminating such 
the the bisection of the 
horizontal in the inverted T, the true 
the 
obtained is difficult to assess. 


factors, 
as role of 


meaning of conflicting results 

The findings from the two major 
studies, by Walters (1942) 
Wiirsten (1947), nevertheless suggest 
the following 
if the two lines of the figure intersect 
(as they presumably did in Walters’ 
study 


and by 


tentative conclusion: 


the effect decreases with age; 
the other hand, the S has to 


compare noncontiguous 


if, on 
segments, 
as in almost all of Wiirsten’s stimuli, 
the illusion increases up to a maxi- 


mum at about 


age 


10, subsequently 


declining up to adulthood—a trend 


which emerged and 
data 
In partial support of this statement 
may the study 
(1956), who found an 


tncrease between 6 and 10 years for a 


regularly 
Wirsten’s 


very 


consistently from 


one cite by Fraisse 


and Vautrey 


hgure n 
arated 


lade up of two spatially sep- 
but found ap 
prec iable age trend for the inverted 
T figure Phe 


fered markedly in terms of the effects 


seyments, no 


two figures also dif 
of short vs. long exposure times.) 


What might 


‘ repam \ 


account for this dis- 
between these two types ol 
\ clue may perhaps be found 
interpretation of Wiir- 
sten’s findings as reflecting the grad- 
ual development of a stable system of 


figures?’ 
in P 


laget s 


spatial coordinates in the age range 


from 6 to 10, resulting in an enhance 


ment of the illusion (cf. Piaget & 
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Morf, 1956 tut this f we laponier, 1956), while Piaget and 
probably operate onl he two Morf (1956) find a similar age trend 
lines to be compared are ) for the comparison between two sim- 


tially contiguous, so that their sy ilarly staggered vertical lines, as well 


tial relationship is not clearly d | as in the comparison of two oblique 
for the S. If the lines intersect 1 segments lying on a straight line 
the other hand, they provide in These various age trends are inter- 
fect their own spatial framework, a preted in terms of the increasing role 
lowing tor a more immediate opera of the spatial framework in the per- 
tion of the illusion. The fa sat tl ception of the relationship between 
illusion is considerably stror in th the lines. Accordingly, this age trend 
latter case (Fraisse & Vautri hould not apply when two vertical 
would support this argumer es are directly superimposed, since 
Other illusions of orientation here the framework could not play 
as we shall demonst: 1 th important role; indeed, Piaget 
tion on form perception, 4 ind Morf (1956) find that in this 
dren are relatively inset ition the overestimation of the 
orientation of imuli in space, o yy ne decreases with age. As the 
might expect them to be less suscep separation between the lines is in- 
tible than older Ss i var ) creased, however, the overestima- 
other illusions which depend on thi tion becomes attenuated and the age 
factor. A case in nt i hu- differences correspondingly less con- 
mann-square USIO! nvol [ sistent (Piaget & Lambercier, 1956b 
overestimation of a square tilt fiscellaneous tllustons. A few illu- 
45-degree angle (1.e., liar d yns which have received only inci- 
comparison with a sq ial dental attention will be mentioned 
size oriented along tl { il h rie fly Decreases with age have 
izontal and vertical unfit I found for the Sander parallelo- 
1933) did in fact find 


tween the ages of three and si i Lis ly represents one of the very few 
in the percentage ¢ Ss mds ) tances f. also Piaget & Lambercier, 
this illusion ' ' ‘ : 1946) in which Piaget has concerned himself 
a derresse th the relationship between perception and 
. . hinking in the context of an experimental 
to negative su ; part tudy. In the present article he points to the 
of the older children) na npt te rast between the increase in error with 
measure the strength of this illus in the perceptual judgments and the 


' d decrease found over the same age 


by a psye hophy sical meth 
the incidence of a purely cognitive 
lack of conservation of length—arising 


series of variables w ipparenth ' r identical stimulus conditions, when the 


result in any ive differences 


coarse to yield very pre lata sal « ility of the lengths to be compared 
In conclusion . ’ d has! ) demonstrated to S beforehand. 
ight be pointed out that Piaget appears 
i erai to be more impressed Dy re cilier 
1 ' i by the diff 
tors may be mentione cl - of by 


tnan 


studies bv Piaget 


the similarities between these 
erally show an increas¢ es of functions and their development; 
gly his work on perception is almost 
form otally divorced from his more widely known 
on conceptual development. He has, 
ver, outlined the interrelationship be- 
line is overestimated increasingly be y the two in more formal, theoretical 
tween 5 and & years Piaget & 1s (Piaget, 1950; Piaget & Morf, 1958). 


I 
hus, in the comparison o rdi 
zontal lines, staggered so as to 


two sides of a parallelogram, the top 
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gram (Heiss, 1930), the Poggendorff 
illusion (Vurpillot, 1957), the Oppel- 
Kundt segmented-line illusion (Pia- 
get & Osterrieth, 1953), as 
for constant errors in the judgment 
of angles and of the lengths of their 
sides (Piaget, 1949; Piaget & Péne, 
1955), in the judgment of chords of a 
circle (Piaget & Vurpillot, 1956) and 
in the comparison of the widths of 
rectangles varying in length (Piaget 
& Denis-Prinzhorn, 1953; cf. also 
Seashore & Williams, 1900). In- 
creases with age appear in the case of 
the Jastrow illusion, which Giering 
(1905) found to be stronger at 14 
than at 6 years, and for the Ponzo 
illusion (overestimation of a 
which bundle of 
converging on a near-by point), for 
which and Heisel (1958) 
report an increase between four and 
seven though no 
changes beyond that age. 

for an illusion of inclination, 


well as 


line 
intersects a lines 
Leibowitz 


further 
Finally, 


years, 


involv 
ing two staggered rows of rectangles 
separated by a horizontal line, which 
is perceived as tilted, the results of 
Piaget and Denis-Prinzhorn (1954 
indicate in general an increase up to 
age 10, followed by a decrease, 
bly reflecting similar to 
those operating in Wiirsten’s (1947) 
study of the horizontal-vertical illu- 
sion. This effect is, however, strongly 
influenced by a 
such as the 
around the figure, the use of outline 
or solid rectangles, etc 

Before closing this section on the 
illusions, we should note a 
of particular interest manipulated by 
Vurpillot (1957) in her study of the 
Poggendorff that of the 
meaningfulness of the figure. When 
this author altered the figure so as to 
suggest a concrete scene, while leav- 
ing the basi 
changed, a very significant 


px ySSi- 


processes 


variety of tactors, 


presence of a itrame 


variable 


illusion, 


stimulus elements un- 


dex rease 
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in the illusion resulted for the 9-year, 


12-year, and adult 
the 


- 


‘ years) 


groups, whereas 
youngest groups (5 
failed to profit from this 

While it would be dan- 
gerous to extrapolate this finding to 
the meaningfulness in gen- 
eral, it would seem to weaken the oft- 
heard argument that the poorer per- 
formance of young children in per- 
ceptual tasks is due to the use of ab- 


two and 


alteration. 


role of 


stract, meaningless stimuli. 
Orientation and Localization 


An extensive 
investigation has been carried out by 
Witkin et al. (1954) on the interac- 
tion of visual and bodily cues in the 
perception of the vertical at different 


. 
age levels. 


Spatial ortventation. 


These authors distinguish 
between two types of tasks: “‘field-as- 
a-whole”’ tilted 
position, has to adjust a tilted room 
to the vertical) and ‘‘part-of-a-field”’ 
tests (e.¢., S, 


tests (e.g., S, in a 


in a tilted room, has to 
adjust his own position to the verti- 
cal The 
yielded no consistent age 


the other hand, 


first type of situation 
trends; on 
in the part-of-a-field 
tests the Ss’ dependence on the visual 
to decrease sub- 
with age Thus in the 
tilted-room-tilted-chair test the tilted 
condition of the 
less effect on 


himself as 


iramewor k seemed 
stantially 


room has progres- 


sively S's perception ot 
vertical. In interpreting 


this result, however, it is important 


to bear in mind the fact that even in 
the absence of contli ting visual cues 
the adjustment of the the 
accu 
rate with age (Liebert & Rudel, 1959 

Witkin's 


steady decrease 


body to 
vertical becomes increasingly, 


group likewise found a 


in the influ 


tilted lum nous 


M“ ith age 


trame en 


ence Ol a 


closing a luminous rod in an other- 


wise dark room on the perception of 


the rod as vertical. But in a partial 


this experiment by 


replic ation ol 
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Edgren (1953) no such age differences 
were found: instead, at | 
(between 


all age levels 
and 16) the judg 
ments ran counter to the direction ol 
the frame 


eight 


A somewhat different emphasis is 
encountered in the work of Wapner 
and Werner (1957 
themselves with the influence of di 


who concer©rtn 


rectional induced visually of 
kinesthetically, on 


ba) | mace 


sets, 
S’s orientation in 
These authors distinguish be 
Che first 
stimula 
tion, and is exemplified in judgments 
of verticality with the 
tilted condition Here 
overcompensates for the 
the tilt, so that the 
placed in the opposite direction 


tween three ty pes ol effects 


of these involves extraneous 


body if} 1 
the adult S 
bias due to 
vertical is dis 
But 
appears to develop 
late | 


les 
cence children show 


this tendency 


only relatively prior to ado 
only very slight 


effects due to body tilt: for 
the 


the girls, 


furthermore, curve crosses 


age 
over at the youngest age level, where 
the vertical is displaced in the direc 
tion of tilt Interestingly enoug! 
this same displacement reappears | 
old age (Comalli, Wapner, & Werner 
1959). Independent confirmation of 
the developn ental shift towards 

creasing overcompensation tor 


traneous stimulation, i 


range from early childhood to young 
adulthood, 
from a similar study b 


h is most centiy 
Rudel 
ization ot a 

body in a tilted position 


. Tea in? 
\ second ¢ ect, Mil 


1959) on the auditor 


moving 


lation, represents a bias 


displacement of the object 
ment itself. It is illustra 

in starting-position efiects 
rod originally inclined to t 


adjustment to the vert deviates 
to the left, and vice versa for the rod 


originally inclined to the right 
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effect decreases fairly regularly with 
age up to the college level, and fur- 
thermore does not increase again in 
old age (Comalli, Wapner & Werner, 
1959). A further experiment reported 
by Wapner and Werner (1957), in- 
volving the adjustment of a luminous 
square to the apparent median plane, 
confirms the decrease with age in 
starting-position effects, as 
Liebert and Rudel’s (1959) 
study on auditory localization. 

rhe third of the effects considered 
by Wapner and Werner, dynamic ob- 
ject stimulation, applies to directional 
sets induced through the presenta- 
tion ol 


these 


does 


objects or words denoting 
directions (e.g., hands 
pointing upwards and downwards) 
For these effects the age trends were 
rather Two of the 
this problem disclosed, 
however, a developmental shift inde- 
pendent of these directional sets in 
the location of the apparent horizon, 
which was set at progressively lower 


particular 


less consistent. 


studies on 


levels with increasing age. 

Spatial and cutaneous localization. 
\ clearly related problem is that of 
spatial localization, which has been 
nvestigated in several developmental 
studies, giving at least indirect sup- 
port to the increased effectiveness of 
the spatial framework. In the visual 
domain, Rey (1955) reports a steady 
in the deviation of the re- 
produced location of a point from the 
true one, following a 5-sec. fixation 
period. Furthermore, if an extrane- 
ous stimulus—a point, a straight line, 
is drawn on the sheet on 
which the point is to be localized, it 


decrease 


or a cir le 


will, for the younger children, exert a 
strong ‘‘pull,” i.e., their localizations 
will be systematically shifted towards 
such a stimulus. This effect decreases 
and may even become neg- 
ative in adults. It would be of inter- 
est to the role of 


with age, 


determine such 
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stimuli when they themselves 
serve as referents for the localization 
to be made (i.e., 
in the field in which 


originally exposed, 


can 


when they are shown 
the 


as well as in 


point 1s 
the 
subsequent one 

Sanstrém 1956 
have failed to confirm the improve 
ment in spatial localization with age, 
but since the response they used in 
volved motor coordination to a much 
greater extent (the point, first shown 
on the top of a table, had to be found 
by sticking a pin on the underside of 
the table), it is scarcely comparable 
with Rey's. 
aspect is in 


and Lundberg 


The role of the motor 
lact 
changes in the direction of the 
made: the children tended to 
shoot the mark,” their errors being 


predominantly in the direction oppo- 


shown by the age 
errors 


over- 


site to the hand used for the response 

Several studies are available on the 
development of cutaneous localiza 
tion, but the results obtained are not 
too Dunford 1930 
studied between 3 and 15 
years of age; he found only irregular 


consistent 
children 


changes in accuracy up to age 9; how- 
ever, n were 
made by his 11- and 15-ve ir-olds 
Renshaw Wherry (1931) failed 
to find any consistent age differences 
throughout 
cence; 


the largest me: errors 


and 


childhood and adoles 
adult sample 
clearly differentiated from the others, 
their mean errors being highest. The 


authors compare these results with 


only his was 


those obtained under visual direction 


than blind 


(i.e., eyes open, rather 
folded), 
crease in error 
Renshaw these 
gether with those from a pilot study 
(Renshaw, 1930) which also showed 
adults to be inferior 


cutaneous localization, as 


which show 


results, to- 


sees 


to children in 
pointing 
to a changeover from kinesthetic to 


visual dominance in the perception 
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of the body. 
this he adduces findings 
from a set of 11 blind Ss 


, 
children 


In further support of 
argument 
seven older 


and four adults 


showing 
an improvement with age in cutane 
ous localization (Renshaw, Wherry & 
Newlin, 1930 


ber of Ss 


But the small num 
all of 
though his 


used in Renshaw's 


studies data 


represent 
a large number of trials for 


together with the uncertain 


mean 
each S 


s ol 


effect of the change in sheer anatomi 
cal dimensions with age on these ab- 
solute errors suggest caution in the 


interpretation ol his results. 


The Perceptual 


Phe contro 
versy has provided the impetus for a 


Constanctes 


empiricism-nativism 


lively interest in the development of 


the and in 


constancies, particular 
that of size constancy, as well as in 
the related topic ol depth perception 
Some of the major issues in this area, 
however, confront us equally in thi 


rather more literature on 


which 


compact 


brightness 


constancy, thus 


may serve aS a convenient starting 
point 


Brig nine 


portal T 


Che 


studies on 


two most im 

developmental 

changes in brightness constancy, by 
1929) and Burzlaff (1931 


represent sharply divergent positions 


Brunswik 


on the « les 


the evolution of 


tion ol 


the constancies 


Brunswik, empha 
sizing the role of experience in bring 

the perceptual achieve 
he organism reflected in 


finds a steady increase 


in constan between ages 3 and 11, 
followed by a but 


falling off after point 


slight 
that 


consistent 

[his re 
in onstancy between early 
and adulthood, which is 
Walker 
Brunswik 
unctional terms, as indicat 


the data of 
‘rpreted by 


il supplanting of percep- 
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tion by intellectual functio pe. Klimpfinger (1933), in a 
adult tudy carried out under Brunswik’s 
Linder experimenta rar lition LUST ss, found a developmental 
closely compar ( Srunswil ither similar to that found by 
Burzlaff lid sub t inswik for brightness constancy: 
crease up to about 14 years, fol- 
ist between for nd sev ur lowed by a subsequent decline, more 
should be n I pronounced than that in the bright- 
mited to hi ' ness study: the mean of the older of 
nge, together with a sample of fi he tv adult groups corresponds 
idults But when th f rte f roughi' to the &8-vear-old level. 
tead of being presented as sO here is, however, some suggestion 
lated color wheel, was display f bimodality in the distribution of 
in ordered series ol gre i I | tn iiues at the older age levels. 
the age trend disappeared, and a \kishige (1937) has verified the in- 
same time constat prov ise of sh ipe constancy between 
eralls his held true whether ( wes 4 and 10. At the same time he 
wheel or a random set of ¢ nds that this age change disappears 
were used for the ndard rther hen the variable is shown in a series 
more, Akishige 7) ha tha llipses of varying eccentricity, 
if color wheels a i 1 tor bot! inder conditions comparable to 
standard and variable ner ! | ho of Burzlaff for brightness con- 
chart of gre’ lable do tancy. Constancy is again generally 
inder these latter conditions. 
The developmental investi- 
‘riorates, in mparison wit 1g gation ot size constancy has been far 
ents in which th iriable itself nore thorough than for brightness 
art of an ordere ries and shape, both in terms of the 


The discrepant results | manipulatio relevant stimulus 


turziaff and Brunswil ve rise t iriables and in terms of the exten- 
some heated debate as to the relative ion of the work to infants and pre- 
validity of the two O | children As we shall see, 
Brunswik (cf. note to Klimpft f however, the methodological prob- 
1933, pp. 619ff t that if | in the way of adequate testing 
’s situations with | present nstancy in infants are formid- 
of the vari r 1 sim ib ind the results obtained are ac- 

to allow age differen to 1 fest ordingly of dubious value. 
themselves Burzlaff 3 1 , an oft-cited study by Cruik- 
ed, on the contrat hat < (1941) purports to show that 


wik's experimental ) th ‘ stancy, though not present at 


too artificial and unst tured to be yirt ippears by about 6 months. 
meaningful for childret - hi onclusion is based on the fact 
discussion misses wh n hat after that age infants ceased to 
the main point, nan he dem¢ respond consistently to a rattle at 
strated role of the percep | 7 m., while they did respond to 
tion, and more particular! f . yne equal to it in projective size, at a 
difficulty of the judgmet or t istar f 25 cm. But clearly this 
is a determinant of d loy ntal ce son only indicates discrim- 


differences ion of depth, i.e., a tendency to 
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ignore objects that are relatively far 
away. Indeed, if this method allowed 
any inference concerning constancy, 
one would have to conclude that it 
was absent re- 
sponses to a rattle at 75 cm. equal in 
physical size to the one shown at 25 
cm. were infrequent at any age level, 
and decreased steadily after 15 weeks. 

Cruikshank’s appears 
inherently unsuited the 
question of constancy, since only a 
single rattle was shown at any given 
time. More recently, Misumi (1951) 
has approached the problem through 
a stimulus preference method, with 
somewhat different results. The main 
feature of his method is his determi- 
nation of the extent of the S’s spon- 
taneous preference for one of two ob- 
jects differing in size, when presented 
at the same distance from the S. This 
is then used as a baseline in the evalu- 
ation of the results for pairs of ob- 
jects of which one is removed in 
depth. Thus, from the age of five 
months on, 77% of the responses are 
made to the larger of two goldfish; 
when it is moved back so as to be 
equal in retinal size with the smaller 
one, the choices of the larger drop to 
between 9% 21%, in different 
age groups between 20 and 59 weeks 
Thus constancy appears to be absent 
here, if we can assume that the infant 
is still responding to size rather than 
depth. In a second t, how- 
ever, in which the stimuli were small 
red balls, Misumi did find fairly good 
evidence for constancy, at least after 
the age of nine months: the extent of 
preference for the larger ball was un- 
affected, after this age, by 
it in depth. 

More satisfactory unambigu- 
ous results can be obtained from non- 
verbal Ss by first establishing a stable 
differential response to size and then 
testing its maintenance as the dis- 


altogether, since 


procedure 


to answer 


and 


experimen 


displacing 


and 
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tance of the stimuli is manipulated. 
This approach has been applied 
(Beyrl, 1926; Frank, 1925), though 
not in systematic fashion; 
is nevertheless of in 
terest in demonstrating that one- to 
two-year-old children can consistently 
adhere to their size discrimination 
even with the larger stimulus as far 
as 15 m. removed from the smaller 
one. Beyrl reports, however, that an 
attempted replication of Frank's 
work considerably 
higher incidence of errors. 

The of Beyrl's 
(1926 consists of a 
psychophysical of size 
at different age levels, which, 
in contrast to the work reported here- 
tofore, yields quantitative measures 
of the degree of constancy attained. 
His Ss were 2}- to 11-year-old chil- 
dren and a group of adults; they were 
given cubes, as well as discs, to judge 


vers 
Frank's study 


resulted in a 
major portion 
investigation 
study con- 
stancy 


a method of constant 
with the standard at 1 m. and 
m. 
Che age curves for the judg- 
the separate distances of 


as to size by 
stimuli, 
the variables 


toll m 


ments at 


at distances from 2 


the variable all show a steadily de- 


creasing tendency to underestimate 
the far st 


by 


mulus, becoming negligible 


age 11; as distance increases, 
furthermore, the Ss lag 
further and further behind the older 


ones in their approach to constancy. 


younger 


This is true both for the cubes and 


for the discs, but to an apparently 
the latter. 
Although these results clearly show 


greater extent for 
that size constancy is far from per- 
fect at the younger ages, this study 
has been cited repeatedly as demon- 
strating nearly 100% constancy even 
at the lowest age level. The basis for 
this misstatement is the graph 
through Brunswik has com- 
pared this study with others of color 


which 


and shape constancy (see Klimp- 
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srunswik, 1956, 


indicates 


hnger, 1933 also 


8&3 


| ) 


and which a s1ze-con 


stancy ratio as high ; at the ag 


of two and one 


‘ ' 


} 
properties ol the 


18, however, in 
ol 
Brunswik ratio, w 


( art 


tl 


if 


the arithmeti 
hich is virtually in 
‘ 


sensitive 
errors 
flected 1 


the values 


aistances re 


vis 
tuall 


the 


1 the paradox al fir 


ol is ratio ti 


‘ 
iO) 


crease with d 
childret | 


aqui 


I ince yvounage 


{ we add to this observa- 


ting though generally, 
that the 19 
} 


tion the d 
ignored tact 
of the 


be dis arded, as 


’ tr 
resuits ( 


ha 


cc. ' ee { 
s) pres ol children el 


the 


inconsistent 


of PSI 


constam 


too 


tion a ti 


vy in the 


lower age levels 


( onsider ible 
W hile 


quent studies « 


virt 


substantiated 


tn 


be 


the exter 


ncy Mu 


appear to 
ol 
or abser 
just as 
bri 


tion 


hy 


i 


modele ad alter 
tl 


WOTK 


show 


i 


ordered seTic I 


find marked 


al 
and 10 
laft's effect 
nected 


é 


years, \ 
is 
the 
involved in the 
ible to be equated to the standard 


i b 


with 


s les 


' 
‘ 


his is in fact the posi 


re 


L 
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ambercier (1946a), in a paper which 
the most 


1ustive and searching analysis avail- 


ndoubtedly 


hi 


presents ex- 


able of methodological factors in the 


He believes 
iat Burzlaff’s and Akishige’s results 


ct 


mstancy problem. 


e to be attributed to the operation 
central tendency effect, already 
ferred to in the methodology sec- 

which is especially marked in 
children, 


| 
mm, 


1€ systematically displac- 


ng their judgments towards the mid- 


Where, 
surzlaff's case, the standard is 
to this middle, the net 
be counteract any 

tant errors due to imperfect con- 
In the experimental portion 
Lambercier 


of the series of variables. 
lent 


fect would to 


4 


stud presents 
out his 
the center of the series of 
shifted away from the 
the standard, the errors are 


} 


which seem to bear 


- is 
itically displaced in the direc- 
this center, but to an extent 
with Unfortunately 
variable series led 
refusals on the part of S 
iny stimulus as equivalent 
lard, with awkward con- 
only for the calcula- 


go 


age. 


ccentri 


Lane 


ces not 


1 of PSE’s, but particularly for the 


of the age comparisons, since 
refusals occurred chiefly in 

Fur Lambercier's 
pothesis cannot account for Burz- 
iff's brightness constancy data, since 


; 
l 


hermore, 


ere 


the standard was generally ec- 


ric with respect to the series of 
It noted that 


ier finds consistent increases 


} 
) 


may be 


thier 


constancy across a variety of other 


de- 
elopmental changes were most pro- 


rimental conditions; again 


Xp 


ed under single presentation 
1 and variable, although 
attenuated due to practice 
pon repetition of the single- 


trials following judgments 


laré 


lal 
*y were 


mects 


iriable 
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under other, apparently easier condi 
tions. 

A further study by Lambercier 
(1946b) provides information on the 
visual 
field. A number of sticks were placed 
horizontally or 
line of 


role of reference stimuli in the 


vertically 
sight between variable 
The only condition 
terially affecting the size 
was 


the 
and 


along 
standard. ma- 
judgments 
which the vertically 
placed reference sticks were all of 
equal size, and equal to the standard 
as well, thus enhancing linear 
spective cues. 


one tl 


per 
The beneficial effect 
of this condition increased with age; 
however, since the equivalence of the 
reference sticks to the standard was 
demonstrated to the Ss, th 
tually represent 
than a strictly perceptual perform 
ance; the fact that 94% of the adult 
judgments were exactly correct sug- 
gests as much. 

An additional relating to 
the stimulus conditions which has re- 
ceived 


S$ may ac- 


more a cognitive 


factor 


some attention | 


stancy research is 


i size 
that of 
zontal separation between 
uli, Frank (1927 
Beyrl's (1926 
of her earlier Frank 

attributed the relatively poor 
formance of Beyri's Ss to the smaller 
horizontal separation the 
two stimuli, which believed 
would work against the perception of 
their objective size in g chil- 
dren. Comparing additional results 
obtained both Beyrl’s condi 


tions of horizontal separation 


con- 


the hori- 


the stim- 
commenting on 
attempted replication 
study 1925 


per ° 


be tween 


she 
youl 


under 
and 
under greater separation 
is not sper ified 


the extent 
she obtained in fact 
superior results for the three- and 
four-year-old Ss under the latter con- 
ditions, though little 
older children. 

Piaget Lambercier 1943b 
have investigated this problem more 


differenc e 


lor 


and 
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systematically; they 
the 
lateral 


find an over-all 


increase ol average 


error under 


wide between 
standard and variable, but little age 
But the 
lateral separation used was rather ex- 
treme; in fact, depth and lateral sep- 
aration were confounded here, as the 
was presented 3 m. to the 
the standard, with S directly 
behind one of the two. 

\ much more 


separation 


difference in this respect 


variable 


Side ol 


important tactor ap 
pears to be the the 
standard and variable relative to the 
S. Both Akishige (1937) and Piaget 
and Lamberciet 1943b, 195la, 
1956a) find higher degrees of 
when the standard is in 
position In fact, Piaget 


Lambercier find overconstancy 


position ol 


con 
the 
and 
at all 
age levels in this situation, while this 
appears only 


stancy 


lar 


ifter the age of 8 vears 
when the standard is near (cf. Piaget 
& Lambercier, 1956a, Table 4, p. 277 


This effect represents of course a spe- 


cial case of the “error of the stand 


discussed in the methodology 
It may be noted that both 
[1931] and Akishige [1937] 


similar 


ard” 
section 
Burzlaff 
find a 
const cy whet 
the dark, 


enhan ed 


effect in. brightness 


an the standard is in 


constancy 1s considerably 
The differential effect of 
at different age levels does 


very 


this error 


not emerge clearly from these 


studies, but it is obviously a factor to 
be taken into account in interpreting 


a given constant error in terms ol its 


absolute value 
Finally, the variable of 
needs to be considered 


the 


distance 
First of all, 
the 
stimuli has recently been shown to be 


relative distance between 
a significant determinant of develop- 
mental Hersh- 
found a 
in constancy be- 


differences Cohen, 


kowitz, and Chodack (1958 
Significant increase 
tween 5 and 17 years when a standard 


at m. was compared to a variable 





DI 


at 8 m.; when the former was moved 
back to 6 m 


lerences disappeared \s 


from S, the age dif 
might be 
expected, there is a general reduction 


of error in this situatior ind 


respondingly | devel 


room tor 
mental change. For both situat 
however, these authors foun 
nificant reduction with age 
terval of uncertaint 

of the DL), which is cor 
studies of L 


ind | 


conditior 


imbers 
Piaget imber 
similar 
presentation o 

Perhaps a m 
the role of the 
the stimuli fron 
would throw 


ment il asper f 


b Cribsor 
received 


ever we 


in 


1941), did 
it distan 


door set 


13 Ss 


idgments of 
the law of the 
prising extent 
iwreement wit! 
findings f 
overconstanc’ 
Development il 
constancy 11 
ture field are the 
experiments ol 
1953 His stimuh 
sisted of a series 
slides on whi 
displayed at 
field, with a series of var 
foreground Gibson, 
184f Distance 


ard varied from slid 
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results are given only for the com- 
bined series; they indicate only very 
irregular age changes between 8 and 
16 years. If the central-tendency 
postulated by Lambercier 
under these conditions of ser- 


etiect 
1946a 
ial presentation of the variable is a 
real one, the size of the standard may 
an important factor. 
analysis which provided Ed- 


h ive been 

One 
gren with significant age differences 
in this experiment concerned judg- 
prepared 
slides in which the context had been 
The effect of 
cues proved relatively 


ments on two especially 


masked completely. 
the ioss ol 
greater for adults, which is just the 
opposite of what one might expect. 
central effects, as 

is more general uncontrolled 

all of experi- 

ments were group-administered) play 


tendency 
Edgren's 


nown roles here. 
Although not 
ystematically, a 
1951 


distance 
Dukes 


is of incidental interest here, 


varying 
study of 


nee it represents an adaptation of 
1944 
itative approach, in which S 
lvedl the size of a large number of 
objects in his natural environment, 


nswik’'s “ecological repre- 


ness 


ver a large range of sizes and dis- 
inces. The results for a single six- 
year-old child actually yield a higher 
orrelation between judged and ob- 
99) than that obtained 


by Brunswik for an adult for a com- 


tive size 


par ible set of stimulus objects (.95) 
\n important difference in the two 
] 


studies, however, is Dukes’ use of 
comparative judgments, as opposed 
to the absolute-judgment procedure 
of Brunswik 

of the 
few 
instructions for 


Rounding out this review 


work on size constancy are a 


studies employing 
projective- (retinal-) size matches. 
Piaget and Lambercier (1951a, 1956a) 


have made an extensive study of such 
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judgments in their most typical con- 
stancy situation (standard at 1 m., 
variable at 4 m. or vice versa). The 
rather surprising result that 
the younger children, aged seven to 
eight, provided they could under- 
stand the instructions at all, per- 
formed considerably better than the 
10- to 12-year group, and even some- 
what better than the adults. Thus 
there was a U shaped trend here, as 
in Wiirsten’s (1947) study on the 
horizontal-vertical illusion. The au- 
thors suggest that for the youngest 
children there is 
from the perception of the true size 
of the distant object, due to their 
tendency to perceive objects inde- 
pendently of the spatial framework. 
With increasing age this framework 
becomes increasingly 
so that projective size becomes pro- 
gressively harder to abstract, until 
the interventian of cognitive mech- 
anisms mediating the 


was 


less interference 


determining, 


perception 


of perspective relationships become 


available (i.e., in the adult). What- 
ever the merits of this explanation, 
the superiority of the youngest group 
remains somewhat par- 
ticularly since they were at the same 
time the most accurate in their objec- 
tive-size matches (the older Ss ex- 
hibited overconstancy). It should be 
pointed out, incidentally, that even 
the best judgments of projective size 
fell far short of the actual projective 
match; at all ages there was thus a 
strong effect due to objective stim- 
ulus size. 

The problem of projective-size esti- 
mates has been attacked in a rather 
different fashion by Weber and Bick- 
nell (1935), who had their Ss (8 
aged 9 to 12 and 20 adults) make 
phenomenal-size matches of discs 
photographed at varying distances; 
the photographs were viewed both 
under ordinary and stereoscopic con- 


mysterious, 
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ditions. In general, the instructions 
were apparently effective in leading 
to projective-size judgments, as re- 
flected in constancy ratios between 
18 and .25. The children showed a 
greater influence of the actual, as op- 
posed to the photographic size of the 
objects, in agreement with the find- 
ings of Piaget and Lambercier for a 
comparable age range. At the same 
time, as regards the change in judg- 
ment with increasing distance, the 
results for the children were between 
those for the adult men and women. 

Distance-constancy. In his discus- 
sion ofthe size-constancy problem, 
Gibson? (1950, pp. 163ff) points out 
that not only the size of the objects, 
but the distances between them tend 
to remain constant as the individual 
moves through his normal environ- 
ment Massucco Costa (1949) has 
explored this question developmen- 
tally, asking S to chose a variable 
interval at 4 m. equal to a standard 
interval marked off at 1 m. The in- 
tervals were either empty (delimited 
by cubes or rulers) or filled. A de- 
velopmental trend was in evidence 
only for the empty-interval judg- 
ments, which fell considerably short 
of constancy for five- and seven-year- 
old children (though not so much for 
the six-year-old group), while older 
children and adults exhibited nearly 
complete constancy. 

A similar study by Denis-Prinz- 
horn (1959) is of particular interest, 
since it focuses on the question of 
the correlation between size and dis- 
tance perception. In her experiment 

which forms part of a dissertation 
currently in progress at Geneva—Ss 
made judgments both of the relative 
size of two sticks at 1 m. and 4 m., 
and of distance over the 
same stimulus field (the latter by a 
bisection procedure). Denis-Prinz- 
horn finds a developmental trend 


relative 
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from under- to 


overconstancy for 
both the size and the distance judg- 
ments. More important is her demon- 
stration that these two judgments, 
which are virtually uncorrelated for 
adults—thus confirming similar re- 
sults obtained by Gruber (1954)—are 
on the contrary highly correlated for 
young children (five to seven years 

This finding suggests that cues which 
in adults relatively inde 
pendently in the two situations are 


operate 


much more closely interrelated in the 
child. Exactly which are in- 
volved in this developmental change 


cues 


remains to be determined, however. 

Concluding remarks on the constan- 
cies. The general picture with respect 
to the development ol the constancies 
may perhaps be summarized 
lows: 


as fol- 
some real 
1931) ex- 
develop very 
early in life, probably by the end of 
the first year, although most of the 
data on this question ar 


“regression to the 


object” Thouless’ 


to use 


pression appears to 


unreliable 
Under conditions in which constancy 
is enhanced generally (e.g 
the 
between 


, SeTi il pres 


entation of variable; short dis 
and 
able), the progress of development is 
almost complete at a fairly early age, 


1.2., Bve 


tances standard 


Vari 


or Six years Further in 
creases in constancy occur through- 
out later childhood al d adoles« ence 
in relatively impoverished laboratory 
situations and with single presenta- 
tion of the variable; this trend typi 
cally culminates in 
the adult. 

It appears, 
child 


cues than the adult in order to main 
tain 


overconstancy in 


then, that the 
requires a greater vari 
invariance in his perception 


This conclusion is also in conform 
ance with the reduction with age in 
the correlation between size and dis- 
(Denis-Prinzhorn, 


the apparently 


tance judgments 
1959) and 


with 
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sharper rise in constancy up to early 
adolescence for shape and brightness 
constancy, where the available cues 
are not so manifold, as compared 
with constancy (Klimpfinger, 
1933). One among the many prob- 
lems that remain to be clarified in 
this regard, however, is the meaning 
of the decrease in shape and bright- 
ness constancy after early adoles- 
cence. 


size 


Depth Perception 


While depth perception is clearly 
implied in the above-mentioned study 
on distance judgment by Denis- 
Prinzhorn (1959), the discrimination 
of two stimuli as relatively nearer or 
farther represents a somewhat differ- 
ent problem, and one less obviously 
related to size constancy. Gross dif- 
ferentiation of depth appears to de- 
velop quite early, according to the 
recent work by Walk and Gibson 
(1959), who have demonstrated that 
6- to 14-month-old infants will rather 
consistently avoid a “visual cliff’’ 3 
m. deep, on the basis of perceptual 
cues to depth. As we saw in our dis- 
cussion of size constancy, the results 
obtained by Cruikshank (1941) like- 
wise suggest strongly that after the 
age of six months infants regularly 
respond to the nearer of two objects 
when their separation in depth is 
( onsiderable. 

As for more finely differentiated 
judgments of the relative distance 
of two objects, an extended investiga- 
tion by Updegraff (1930) shows that 
this type of discrimination is rather 
well developed already in four-year- 
old children, who are only slightly 
inferior to adults. This applies both 
to short (5 m.) and long (195 m.) dis- 
tances of the objects from the ob- 


server. Furthermore, neither the 


children nor the adults show any ap- 
preciable differences between monoc- 
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ular and binocular viewing. On the 
other hand, under the presumably 
more difficult conditions of a Bour- 
don-type judgment (the Ss, looking 
through a small 
whether a ball dropped in front or be- 
hind a partition), the children 
consistently than 
adults. 

This last type ol judgment is of 
course a function of retinal disparity. 


aperture, judged 
were 


less accurate the 


Developmental changes in the effec- 
tiveness of this cue are shown in sev- 
eral studies of stereoscopic per- 
ception (Carr, 1935; Gesell,  Ilg, 
& Bullis, 1949; Leyer, 1939 ( 
(1935) reports that below the age of 
three years children were unable to 
perceive depth in stereoscopic pic- 
tures, even after a period of training; 
Ilg, Bullis (1949 
similar difficulties up to the age of 5 
But, as Munn (1955, p. 269 
out, these results are of equivocal 
the 
quate ¢ ontrol over .S’s ability to focus 
effectively stereoscopic images. That 
this factor mportant 
part is indicated by ng 
by Johnson and 
These authors 


art 


Gesell, and find 


points 


significance, in absence of ade- 


play in 


may 
the contrastir 
results obtained 
Beck (1941 
stereoscopic slides projected as polar- 
ized images on a 
“a 
child viewed through polaroid gl: 
If the projec ted image of the object 
were perceived in depth, it would be 
localized at a point between S and the 
screen. Although the criteria for S’s 
perception of depth are not made too 


itilized 


screen i.c., aS in 


motion pictures), which the 


issScs 


explicit, the authors’ findings seem to 
indicate that Ss 
(aged two years) did perceive the im 
age three-dimensionally. 

While the 
volved images of actual three-dimen 
sional objects, Leyer (1939 
his stimulus materials a set of stereo- 
scopic geometrical drawings, shown 


even the youngest 


foregoing studies in- 


used as 


WOHLWILL 


under tachistoscopic exposure. In 
an 8- to 13-year-old group only 40% 
of the drawings were perceived three 
dimensionally, as against 60% in a 
15- to 19-year-old group. 
groups likewise responded differently 
task in 


viewed stereoscopically, was to be 


These two 


to a which a vertical line, 
adjusted so as to be midway between 
If the lines 


perceived in the same plane, 


two other parallel lines. 
were all 
the adjustment would naturally dif- 
fer trom that made if the middle line 
were perceived as displaced in depth 
Here again a somewhat larger pro 
portion ol the older Ss responded in 
terms of depth 


Lastly, we may consider a rather 


different aspect ol depth perception, 
the 


namely three-dimensional in 


terpretation of two-dimensional fig 


Vers 


ried out 


ures little work has been cat 


on this question develop 


men Che Gestaltists’ assump 


ntrinsic determination of 
such etlects receives some in 


direct support, however, from studies 
by Slochower (1946) and Ishii (1956 
The latter asked for descriptions of 

ped drawings, by Ss 6 
we; no differences 
were lou 
the 


wider 1 


he responses given by 


two Slochower used a 
stimuli, though less 
systen construc ted, again 
the 
Ss’ 
tions of the designs by means 
In both of these 


stimulus 


finding differences in 


age 


range irom hve to nine years in 
reproduc 
of modelling clay. 


the 


appeared to be the primary 


studies characteristics 


determ 
inants 


of the 


perception of depth 
Form Perception 


crimination in infancy. As 
the the 
of the perception of form at 


korm 


in the case of constancies, 


question 


very early age levels has attracted a 


flair amount of attention. To antici- 
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pate the main trend of the findings 


to be presented, it seems that. while 


form discrimination can be demon 


strated fairly early in infancy, it is 


not a very potent aspect ol the stim 
ulus in the perception of your 
dren 


1941), by tilizir 


crimination-learning 


Ling 
proces 
which the stimuli (sugar 
iorms col 
ible 


between * 


dimensional 
the rewards, was 
crimination 
geometrical shapes as ¢ 

the differential respo 
affected by 


months: 
furthermore littl 
in size or orientation of the correct 
Of particular 

that an 


crimination between 


hgure 


finding 


ellipse led to greater 


the ellipse was replace 
objects than that found 
verse order (circle vs 


11; 
ellips¢ 


lowed bs circle vs 
This study thus sl 

mechanisms for shay 
functional at 

least can become 


‘ 


sure to a limited amount of pecifi 


training (it should be noted that 


this experiment, which extended ove 
a period of several mont 

given infant, learnin 
tional factors are 


founded \ 


crimination is the 
sion il obje ts, sim 


tion is typi illy better 


for three-dimer: 


earlier 
pared with equivalent pla 
Stevenson & McBee, 1958: 
1926: Welch, 1939b 

Riissel (1931 omy 
of cues (contour vs 


thickness, round vs. poin forn 


and symmetry) with respect to spee 


of learning of a discrimination an 
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the extent of transfer to other stimuli 
differing on the same cue. The num- 
ber of Ss (24, aged one and one-half 
to five years) was too small to allow 
systematic age-group comparisons, 
but it is of interest that, although the 
cues were all roughly equivalent as 


ls the ease of the original dis- 


regart 
crimination, the transfer was consid- 
erably less for the last three cues 

representing aspects of shape—than 
for the first Transfer trials in 
which pairs of cues were confronted 
with each other likewise showed con- 


two. 


tour vs. surface to be the most potent 

d round vs. sharp and symmetry 
to be the least potent 
age level. 


Chat a preferential response to the 


cues at this 


yener il 


ntour vs. solid-form cue as opposed 
represents a relatively prim- 


' 
“7 
‘ 


itive stage of perceptual development 
is further indicated by an investiga 
tion by Knoblauch (1934), compar- 
i mentally deficient Ss, aged 7 to 
21, with normal children, aged four 
nd one-half to eight and one-half. 
Following an initial 


between a 


discrimination 
circle and 
the mentally 
much more 


solid various 
defi- 


likely 


the normals to choose solid fig- 


ngular forms, 


lent group was 
ures, regardless of shape, in transfer 
the normals tended to 
respond on the basis of the round vs. 
ingular shape of the stimuli. 
Preferential transfer 
trials of a stimulus-equivalence ex- 


trials, while 


choices on 


periment 


are of course of equivocal 
ignificance as regards S’s perception 
of the various aspects of the stimuli. 
Yet the genetic primacy of the solid- 
vs. outline-form cue is of considerable 

t particularly in relation to 
Hebb’s theory of perceptual develop- 

1949), which postulates that 
gation of figure from ground is 
present at birth, but that the per- 
ception of form requires, at least in 


i 


at 
erest, 


ment 


seyret 
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the human, a fairly extensive period 
of sensory learning. 

The role of spatial orientation in the 
discrimination of form. As noted 
above, Ling (1941) found that the 
discrimination of his infants was little 
affected by changes in the orienta- 
tion of the stimuli; this was true also 
in Gellermann’s (1933) work with 
slightly older children. As a matter 
of fact, this seems part of a general 
tendency of young children to ignore 
spatial orientation in their response 
to form, which was observed many 
years ago by Stern (1909), both in 
the drawings of children and in their 
identification of familiar objects. 

There are really two to 
this problem: a positive and a nega- 
tive one. The first refers to an actual 
superiority of children over adults in 
recognizing stimuli under changes in 
orientation, at least relative to their 
performance 
tions. This has 
found both for the recognition of in- 
verted pictures (Mouchy, quoted by 
Kohler, 1940, p. 20f) and of non- 
sense words turned through 90° 
(Oetjen, 1916). The results of New- 
hall (1937), showing that the per- 
formance of three- to five-year-old 
children in a visual acuity task is not 
influenced by either right-left or up- 
down reversals, point in the same 
direction. 

The cther side of this coin is that 
young children experience great diffi- 
culty in between 
forms which are mirror-images or up- 
down reversals of one another 
is a well-known fact to students of 
the early development of reading 
skills (cf. Davidson, 1934, 1935; Ver- 
non, 1957). Rice’s (1930) study, 
sometimes cited in this connection, is 
somewhat equivocal, since it only 
showed a lack of spontaneous ver- 
balization of the inversion of a figure 


aspects 


under normal condi- 


superiority been 


discriminating 


This 
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in a matching task on the part of the 
younger children (four to five years). 
Similarly ambiguous is Burkhardt's 
(1925) finding of a sharp decrease be- 
tween six and eight years in the inci- 
dence of orientational changes in the 
child’s reproductions of a set of sim- 
ple drawings. But there is more com- 
pelling evidence in an unpublished 
thesis by Newson (quoted by Ver- 
non, 1957, p. 25), indicating an out- 
of five-year-old chil- 
dren to detect the difference between 


right inability 


a shape and its mirror image, even 
when it is pointed out. Upside-down 
reversals caused somewhat less diffi- 
culty for these children than mirror- 
image point most 
cently confirmed in a discrimination- 


reversals a re- 
learning experiment by Rudel (1959 
with three- to year-old children. 
The work considered thus far has 
dealt i 


hive 


the main with simple geo 
individual familiar 
by Hunton (1955 
teresting sidelight 


this question, for this author reports 


metric forms, or 


objects. \ paper 


' 
throws an i on 
that in the description of complex 
meaningful pictures the inversion of 
the stimulus has the effect, up to age 
of the per 
ception of the relationship between 


seven, interfering with 
the objects 
It may 
sion that this evidence 
of the in 
young children seems to support the 
Wiirsten ad- 
vanced to explain the developmental! 
the horizontal-vertical 
and other related illusions (cf. above). 
The 


spatial localization, 


be pointed out in conclu- 
on the weak 
spatial 


role orientation 


views of and Piaget, 


hanges in 


evidence for improvement in 


reviewed in 
section, also fits rather well 
into this general picture. 

Gestalt principles. Followers of the 
Gestalt school of perception have, in 


an 
earlier 


general, assumed an innate, intrinsi« 
determination of their principles of 
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organization in the perception of 
form (cf. Zuckerman & Rock, 1957 

and have accordingly not concerned 
themselves very inte nsively with the 


study of | 


> 7 } ' > 
de velopmental changes 


Piaget, among others, has taken ex- 
ception to this view, arguing that the 
full-fledged operation of these princi- 
ples is ac hieved only as the end-re 
developmental 
st idy in 
which he has attempted to substanti 
Piaget, Maire & 
1 compari 


Miilller-Lyer illu 


two 


sult of a prolonged 


process One particular 
ate this claim 
Privat, 1954 
son of the ordinary 
which the 
shown superimposed vertically, with 


consists of 


sion, in figures are 
that resulting when the ends of the 
arrows are joined by verti il lines, so 
is to form a Square I! nyunctio 
with the main lines of the Miiller 
Lyer figures (cf ' As on 
might expect, the conne line 


reduce the illusion in ac 


greatly 


cordance with the stabilizing 


proyx [- 
“good figure’ such as the 


Lhis effect is, 


ties of a 
howe ver, rela 
gest 


square. 
tively smallest for the vou 


dren, and greatest in 


demonstrating, accord 
the 


thors, increasi! 


aye of these stabilizing properties 


But the fact that the absolute 
of the difference between the 


under the 


amount 
illusions 
two conditions decreases 
it weakens the force 
On the other hand, 
both 
and intrasubject variability found 
for the 
trasts with the increase 
with age found for 

Miiller-Lyer figure, 


increase in consistency 


with age somewh 
of this argument 
the dec rease 


with age in inter- 


modified figure, which con 
in variability 
the 


indicate ar 


ordinary 
does 
which would 
support Piaget's point. 


r iples ol 


For some of the other pri 
inization—that of 
ye . 
in particular—developmental changes 


are similarly demonstrable. A major 


org: continuation 
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Fic. 3. Modification of Miller-Lyer figure, 


showing role of “‘good figure.” 


source of evidence on this problem is 
Rush (1937), 
who has solved the difficult problem 
of quantification in this area with 
notable success (besides undoubtedly 
establishing a record for this type of 
experimentation as regards the total 
number of Ss tested: 8589!). Thus, 
in order to assess the strength of the 
proximity factor, this author pre- 
sented her Ss with matrices of dots, 


the investigation by 


varying the spacing of rows or col- 
umns and asking them to indicate by 
straight lines the direction in which 
they perceived the dots. No appre- 
ciable age changes emerged with re- 
spect to the role of this factor be- 
tween the first grade and high-school 
levels—a finding which is in agree- 
ment with that noted by Schroff 
1928), on the basis of rather less im- 
pressive data. 

More interesting yet in 
study is her confrontation of various 
factors with each other. The author 
opposed the proximity factor to that 
of continuation (manipulated in terms 
of the number of dots in the rows and 
columns of the matrix), as well as to 
that of similarity (manipulated by 


Rush's 
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presenting elements differing in shape 
such that the rows were homogeneous 
and the columns heterogeneous, or 
vice versa). In both cases the influ- 
ence of proximity decreased with age, 
relative to that of the other factor. 
Finally, juxtaposing the factors of 
continuation and similarity, Rush 
found an increase in the role of con- 
tinuation, although this age trend 
was reversed in the case of the col- 
lege group (similar anomalous results 
for the college-age Ss are in evidence 
throughout this report). 

Of Rush’s findings perhaps the one 
of most general significance is the in- 
crease in the effect 
with age, at least up to high school 
Bearing in mind that this factor is 
represented here through discontinu- 


of continuation 


i.e., rows and 
and the like 

-it is tempting to relate this trend 
to the increase with age in the ability 
to achieve closure on the basis of in- 


ous stimulus patterns 
columns of discrete dots 


in de- 
velopmental studies on the recogni- 
tion of pictured objects from partial 
cues (Brenner, 1957; 1959a; 
Mooney, 1957; Schober & Schober, 
1919; Van der Torren, 1907 (The 
normative data obtained by Street 
[1931] for his ‘‘Gestalt Completion” 
test from third-grade, sixth-grade, 
and high-school children fail to show 
appreciable age differences, 


complete figures, as shown 


Gollin, 


px yssibly 
due to the relatively small number of 
stimuli employed.) 

We might also mention in this con- 
nection Gollin’s (1959b) work on the 
discrimination of  tactual 
formed by patterns of tacks. 
task is not only substantially 
difficult for eight- to 10-year-old chil- 
dren than for adults, but the children 
are handicapped to a much greater 
extent by the presence of 
i.e., background stimuli not forming 
part of the patterns, in the field of 
touch. 


stimuli 
This 


more 


noise, 
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If continuation in discontinuous or 
incomplete patterns becomes thus 
fully effective only at a rather late 
age, the role of this factor in the per- 
ception of uninterrupted line-draw- 
ings is on the contrary very strongly 
developed in young children (Ghent, 
1956; Piaget & von Albertini, 1954). 
This difference between 
discontinuous stimuli is shown 
clearly in the study by Piaget and 
and Albertini (1954); four- to 
five-year-old children experienced 
virtually no difficulty in tracing the 
outlines of when 
lapped with other forms. 
when 


continuous 
and 


von 


forms these over 
I I< ywwever, 
pre 


dashed 


forms were 
individually, but 
patterns, children up to the age of six 


these same 


sented as 
could generally not recognize them; 
success in tracing these dashed forms 
superimposed as in the overlapping 
figures did not come until a still later 
age (between seven and nine years 

Similarly, 
tially 


also 


the completion of a par 


mutilated geomctrical figure 
relatively late 


about seven years) according to this 


develops (1.¢€., 


study, these gaps proving especially 
difficult where oblique lines or angles 
are involved, Here immature comple 
tions, instead of conforming to prin 


ciples of simplicity, tended frequently 


in the direction of 
familiar, Gestalten 
These results thus suggest the im 


“empirical,” i.e 


portance of distinguishing between 
the role of closure in the perception 
of incomplete stimuli and the role of 
when continu 
involved. With 
the latter, Ghent (1956 
confirmed 


“good conti luation”’ 
ous line patterns are 
respect to 


has its effectiveness in 
children as young as four years in the 
recognition of overlapping forms. On 
the other hand, in a second portion of 
Ghent's study, the recognition of em- 
bedded of the Gottschaldt 
type proved much more difficult for 


young children, giving rise 


figures 


to a 
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marked improvement between 4 and 
13 years. This improvement is cor 


roborated by 


developmental 


studies of the perception of embedded 
1956; Witkin et al., 
1954), as well as by the similar results 
found by Heiss (1930) with respect to 
the ability to detect ; 
when it forms part of a continuous 


other 


figures (Gollin, 


n angul il shape 


outline 
Che 


gests, then, that young children have 


evidence reviewed 


nere sug 


follow what 


a very strong tendency to 
] 
' 


may be loose \ des ribed iS 
of least resistance,’’ i.« 

linear path, in then 
complex linear forn 

clearly serves them in 

the recognition of over 
while it interferes wit] 


of component parts of 


} 
study 


the 


is in Heiss's 


particularly with 
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study o! 


ch inyges inevyve 
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source ot 
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ponderance of global 
termined by an 
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ception of the whole in early child- 
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hood, through a phase in middle 
childhood in which large and small 
details predominate, to an eventual 
more integrated perception of the 
whole in the adult (Ames, Learned, 
Metraux, & Walker, 1953; Dworetzki, 
1939; Hemmendinger, 1953). 

In view of the lack of control over 
either the stimulus or the response in 
the Rorschach test, and the conse- 

uent equivocal significance for per- 
ceptual processes of the S's interpre- 
tations of these blots, it is of some im- 
portance that this formulation of the 
developmental changes in part-whole 
perception substantially 
other studies 
which permitted a more systematic 
confrontation of part and whole as- 
pects. Foremost among these is the 
investigation of Dworetzki (1939) 
which, besides the Rorschach cards, 
employ 


- f 
up ol 


has been 


confirmed in several 


ed meaningful designs made 
individual parts which them- 
represented meaningful ob- 

Here the trend in the Ss’ 
fications of the designs par- 
lleled rather closely that found in 
the Rorschach studies: the youngest 
children responded merely to the de- 
while somewhat 
older children responded mainly to 
he component 


selves 
ects 


; ; 
Miciiti 


Sigtl-as-a whole, 


adolescents 

nd adults, finally, included both of 
these aspects in their descriptions of 
the stimuli. 

A further study by Selinka (1939) 
represents perhaps a still more ade- 
quate approach to the question of the 
integration of the parts in the per- 
the whole. This author 
constructed a task similar to the 
Kohs Block-Design test, in which a 
particular circular pattern shown to 
S had to be reproduced by means of 
four blocks, each of which contained 

quarter of a circle made up of dif- 
ferent kinds of patterns on the dif- 
ferent Thus the extent to 
which the pattern of the model was 


parts; 


( eption ol 


sides. 
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taken into account in the arrange- 
ment of the blocks showed the child’s 
attention to detail in his reproduction 
of the total circular outline. This 
task showed a considerable improve- 
ment from the kindergarten level, 
where the component patterns were 
usually ignored, through successive 
school-age groups up to 10 years. 
Acutally, the major portion of this 
improvement was from the seven- to 
the eight-year-old level, suggesting 
the possible influence of specific ex- 
perience in school. 

Various other (Segers, 
1926; Smith, 1914) present further 
evidence regarding the difficulty ex- 
perienced by young children in per- 
ceiving small details in complex but 
meaningful wholes. However, when 
the whole does not itself represent a 
strongly competing of the 
stimulus, even young children can 
respond to details. This is shown in 
an experiment by Van der Torren 
(1907), who presented children with 
drawings of familiar objects at pro- 
gressively increasing levels of com- 
pleteness; at each trial they not only 
tried to identify the object, but also 
to point out the parts in the picture 
that had been added since the previ- 
ous exposure. In line with the above- 
mentioned age trends for incomplete 
figures, the identifications improved 
with age (i.e., in terms of the degree 
of completion required}. Yet the 
recognition of the added details was 
almost perfect from the youngest age 
level (four years) on. Schober and 
Schober (1919), however, replicated 
this study with the single modifica- 
tion that all presentations of the 
drawings contained the complete out- 
line of the object, so that the succes- 
sive exposures differed only in the in- 
ternal details. The result was that 
the recognition of the detail added to 
each exposure was greatly reduced for 


studies 


aspect 
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the younger children, increasing from 
36% to 88% between the ages of four 
and eight years. Thus the presence 
of the completed outline of the object 
seemed in effect to interfere with the 
young child’s perception of the parts 
of the figures. 

Meili (1931) has taken these find- 
ings, together with related evidence, 
as indicating the young child's in- 
ability to attend to both the part and 
the whole at the same time. Which 
he will attend to will depend, accord- 
ing to this author, on the degree of 
structure present in the stimulus: 
for strong or simple wholes, the whole 
will be perceived, whereas for weak 
or complex wholes there will be a con- 
centration on detail. Although this 


formulation represents a promising 


advance over the overgeneralized 
statement that young children are 
unable to perceive details in a whole, 
it is obviously of limited usefulness, 
pending an operational definition of 
strong vs. weak wholes and a deter- 
mination of the interaction of this 
variable with that of complexity. 
Conceivably these two factors can be 
reduced to those of continuity of out- 
line and degree of internal redun- 
dancy—a _ conceptualization which 
would bring this problem, together 
with that discussed in the previous 
subsection, into the analytic frame- 
work of information theory. 


Number 


The role of configurational factors 
in the identification of number, under 
exposure times too short to permit 
counting, is the subject of experi- 
ments by Freeman (1910) and Bie- 
miiller (1930). Freeman showed 
groups of from 3 to 12 dots arranged 
in a variety of configurations, as well 
as in vertical and horizontal rows. In 
general, the accuracy of the children 
(6 to 14 years old) started to lag be- 
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hind that of adults for groups of dots 


greater than five, with the exception 
of complete patterns (e.g 3x3 
matrix to the 
children in easier 


, a 

which 
found 
than corresponding incomplete pat 
14 
Ss in the children’s group, thus ruling 
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inger age 
(1937) study 
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time-bound phenomena. Judd (1927) 
presented series of from two to seven 
stimuli in temporal succession, in in- 
tervals of one second, either in the 
form of tones or of visual flashes. For 
both modalities there was a regular 
and very substantial improvement 
from the first to the sixth grades in 
the S’s accuracy of identification of 
the numbers. Interestingly enough, 
at all levels performance was poorer 
for the flashes than for the sounds; 
there was some indication, moreover, 
that this difference between modal- 
ities increased with age. 

The second study, by Stambak 
1951), although not dealing with 
number as such, is closely related to 
Biemiller’s work on patterning, but 
over a temporal rather than a spatial 
In this experiment chil- 
dren between 8 and 15 years were 
isked to reproduce a series of 21 
heard rhythmic patterns, made up of 
three to eight elements in one to five 
This kind of temporal 
ntegration again improved with age, 
but there was almost perfect con- 
sistency in the order of difficulty of 
the patterns at the different age 
levels. The major determinant was 
total number of elements in the 
pattern, but for the larger numbers 
the number of subgroups was an im- 

unt contributing factor. 


dimension 


subgroups 


the 


Ll 


Movement 


| pparent movement. Several studies 
developmental changes in ap- 
parent movement have been reported 
renner, 1957; Gantenbein, 1952; 
Meili & Tobler, 1931); all agree in 
finding a decrease in susceptibility 
to the perception of such movement 
The most thor- 
the investigations on this 
that by Gantenbein 
has verified this age 
trend across a variety of conditions 


on 


? 
2) 


with increasing age. 
ough of 
problem is 


1952), who 
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of stimulus exposure, systematically 
varying distance, temporal interval, 
exposure time intensity, with 
fairly consistent results, i.e., an 
crease with age in the threshold be- 
tween and 
The same applied to the threshold 
between movement and simultaneity, 
but here the age were 
much less pronounced. This was ap- 
parently due in large measure to the 
technical difficulty of producing an 
appearance of the 
adult (frequently no upper threshold 
could be Indeed, in 
Brenner's (1957) study, just the re- 
verse held true: age differences were 
greater for the movement-simultane- 
ity threshold, simultaneity being per- 
ceived at lower speeds by the younger 
children. 

Meili and Tobler (1931) attribute 
children’s to 
apparent movement to a lesser spa- 
tial stability of the stimulus in child- 
hood. They discount an explanation 
in terms of a greater tendency 
fusion in children, showing that the 
fusion threshold for a Talbot dis 
a five-year-old group is 
equivalent to that of an adult group. 
While the number of Ss on which this 
comparison was based rather 
small, several other experiments on 
the CFF confirm this finding (Hart- 
mann, 1934; Miller, 1942 

Brenner (1957), on the basis of a 
somewhat mistaken interpretation of 
the argument proposed by Meili and 
Tobler, suggests that 
their explanation of the 
in apparent 
nomenon should with 
speed of closure. This she finds not 
to be so: there is, on the contrary, an 
inverse correlation between scores on 
a Street-Gestalt test and the thresh- 
old for apparen* But 
there seems to be little reason to ex- 


and 
in- 


succession movement, 


differences 


simulfaneity in 


determined } 


greater 


suscept ibility 


i or 


n 


essentially 


was 


act ording to 
age « h inges 


this 
be correlated 


movement phe- 


movement. 
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pect a relationship between closure, 
in the recognition of meaningful pic- 
tures from partial and the 
stimulus displacement involved in 
apparent 

A phenomenon 
lated movement 
subject of a study by 
Lambercier (1951b 


along 


cues, 


movement. 

undoubtedly re 
is the 
Piaget 
a Square rotates 
circular path; as 
the speed of rotation increases, the 
first 
stationary cross and subsequently to 


to apparent 
and 


an ect entric 


rotating square changes to a 
two superimposed crosses, an inner 
and an outer one. Here again, as age 
increases progressively higher speeds 
are required for the perception of the 
single and double cross 


rhe 


the direction of move 


Movement in complex patterns 
perception ol 
ment of a number of stimuli simul- 
taneously displaced forms the topic 
of an interesting experiment by Rey 
(1954). A of 


shown which can be displaced either 


column five dots is 
to the right or left or remain station 
ary, each independently of the others 
Various of movement can 
thus be preduced. The S’s task isto 


memory 


p itterns 


which dots 


iny given trial, and in what 


sper ify trom 
moved on 
direction. Where two or more stimuli 
moved in opposite directions, the cor- 
rect identification of the direction of 
movement turned out to be particu 
larly difficult for the youngest chil 
dren (ages four apparently 
they are unable to coordinate the left- 
right dimension with the vertical po- 
sition of the dot. 


to Six 


Furthermore, even 
if errors of direction are ignored, cor- 
rect of the 
placed on a given trial steadily de 
the of 
creased, but to a much larger extent 
in young as compared with older chil- 
dren. 

Speed. In his unpublished thesis 
Edgren (1953) included tests of the 


identification dots dis 


creased as number dots in- 
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relative speed ol two moving objects Michotte (1946), should be included 
under a variety of conditions, as here, since this phenomencn is clearly 
originally studied by J. F. Brown an aspect of motion perception. 
1931) in i] \ge differences. Olum (1956) investigated three of 
were, in general, either nonexistent Michotte’s conditions, varying the 
or very irregula The only sugge relative speeds of the two stimuli in- 
tion of an age trend was ol dis volved. Whereas most adults per- 
rather difficult ty judgment in ceived the relationship between the 
which the standard and va two stimuli either in terms of a re- 
leasing effect (for one combination 

troducing limension f speeds) or of a pushing effect (for 
ning into their stimu upner he other two), children’s responses 
1d Werner (1957) found 1 h more were much more variable for any 
| situation. In particular, where 
speed of the two stimuli was 

ntical or closely similar, a number 

children gave responses without 

y causal implications, such as pass- 

tatic position and the other showing i crossing, and even “tunnelling.” 
t sition suggesting motio is of course difficult to decide 


itl 
With 1 ( if ] whether the ige changes observed 


taneous! mm f , th ud ere reflect perceptual differences or 
to adjust the s | of itter (th rather shifts in verbal habits in the 
variable [ tl itic’”’ ol escription of a perceived relation- 
ject (the indarad jult } hip between two moving objects. 
PSI \ uall Oi 1 | tn ; ne res lt appears, however, to have 
PO! ot so for the child: who 1 1 founded perceptual basis: 
where the two speeds were in the ratio 
1:30, a large number of children 
| them as mutually ap- 
i finding which Olum 
isibly attributes to the in- 
of stroboscopic movement 
the stimuli (which, as we 
en, occurs more readily in 
children 

and Lambercier (1958), in 
recent of the studies in the 
series from the Geneva laboratories, 
report on the same phenomenon; 
they likewise find noncausal types of 
i responses in seven- to nine-vear-old 
s whole problet the “error ol iildren, where the speeds of the two 
standard” yadl need ¢ stimuli were in the ratio of 1 to 1. In 
is late as 13 years, half of the 

ypave suc h responses. 
ul it \ variable more thoroughly ex- 
vestigations ol the perception of cau imined in this study is the spatio- 
sality, based on the classical work of temporal interval between the stim- 
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uli at the point where the second 

starts to move. The younger children 

perceive a causal relationship be- 

tween the stimuli only as long as they 

perceive a physical contact between 

them, while for the adults the causal 

effect can operate across a certain 

gap. On the other hand children per- 

ceive physical contact much more 

readily in the absence of actual con- 

tact, i.e., across much larger spatio- 

temporal intervals. It appears plaus- 

ible to relate this finding again to 
their greater susceptibility to ap- 

parent movement, both phenomena 

demonstrating the lesser spatial sta- 

bility of the stimulus for the younger 
child, as argued by Meili and Tobler 
(1931). 

Time 

Although the problem of time per- 
ception would seem to be intimately 
related to that of velocity, this rela- 
tionship does not emerge too clearly 
in the developmental literature on 
this subject, which has limited itself 
to judgments of either unfilled time 
intervals or of those filled by some 
static stimulus. 

Fraisse (1948) tested children at 
ages 6, 8 and 10, as well as an adult 
group, by means of a reproduction 
technique, with time intervals of .5, 
1, 5 and 20 sec., both filled and un- 
filled. The main age difference ap- 
peared in the judgments of the two 
longest empty intervals, which were 
grossly underestimated by the young- 
est group; at the same time their 
judgments for the 20-sec. interval 
were characterized by extraordinar- 
ily large variability. Only slight age 
changes were found with the short 
time intervals, or with the longer 
intervals after the age of eight. On 
the basis of these results, Fraisse sug- 
gests a distinction between time per- 
ception and time estimation, the 
former applying only to very short 
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time intervals (e.g., 1 sec.). Thus this 
author sees the younger children as 
deficient primarily in their estima- 
tion of time. 

The judgmental nature of the in- 
feriority of younger children is borne 
out to some extent by a recent ex- 
periment by Smythe and Goldstone 
(1957). They report a steady de- 
crease, between seven years and 
adolescence, the error made in 
identifying a 1-sec. interval by a 
method of limits; however, following 
repeated exposure to this interval 
identified as one second, the children 
from eight years upward improved 
very markedly in these absolute-type 
judgments, much so that the 
former differences were wiped 
out. 

Lastly an older study by Gilliland 
and Humphreys (1943) is of interest, 
since it compared judgments of time 
intervals from 9 to 180 sec., obtained 
by three different methods: estima- 
tion, production, and reproduction, 
in two age groups (fifth graders and 
college adults). Although one might 
expect a superiority of the reproduc- 
tion method, which does not require 
an absolute scale of time, the actual 
difference observed in favor of this 
Ap- 
parently, for intervals of this length, 
the of some internalized 
time scale is essential even in a com- 
parative judgment task; this would 
be in line with Fraisse’s point of the 
nature of the judgment for these 
longer intervals. As for the differ- 
ences between the two age groups in 
this study, the adults were more ac- 
curate throughout, but there was no 
interaction, either between age and 
time interval, or between age and 
method. 


in 


80 


age 


method was barely significant. 


mediation 


Perceptual Learning 


Various studies cited in this review 
have given more or less incidental 
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evidence of practice effects; interest- 
ingly enough the extent of such ef- 
fects is in general approximately pro- 
portional to the level of initial per- 
formance, and increases with 
age. This trend is seen in several of 
the studies from the Geneva Labora- 
tories (Lambercier, 1946a, 1946b; 
Piaget & Denis-Prinzhorn, 1953: 
Piaget, Maire, & Privat, 1954) in 
which judgments for a baseline con- 
dition were made at the beginning 
and at the end of the experimental 
session; the improvement usually re- 
sulting may of course be due either to 
practice per se or to the effect of the 
interpolated conditions 


thus 


The studies on cutaneous localiza- 
tion (Dunford, 1930; Renshaw, 1930 
Renshaw & Wherry, 1931: Renshaw, 
Wherry, & Newlin, 1930) all included 
extensive under a 
single experimental condition, and 


practice sessions 
thus provide more systematic and 
unambiguous information on learn- 
ing effects in this type of task. Dun- 


ford found improvement with prac- 


tice again closely proportional to the 
initial performance at each age level; 
similarly in Renshaw’'s (1930) study 
the children, who were initially supe- 
rior to the adults, likewise benefited 
from their practice to a greater ex 
tent. 

We related ex 
ploratory study by Gibson and Gib 
son (1955) on the recognition of non- 
sense designs: 


may note also a 


over a series of trials, 
children between 8} and 11 years of 
age showed improve 
ment, while a six- to eight-year-old 
group gave very little 
learning. This difference seemed to 
be related to the 
verbalize the main stimulus dimen- 
sions on which these complex stimuli 
varied. 

Perhaps the most interesting as 
well as the most thorough of the 
studies on the effects of practice is 


considerable 


evidence of 


Ss’ readiness to 
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that by Noelting (in press) on the 
Miiller-Lyer illusion, investigating 
changes in this illusion over a series 
of 20 trials. Noelting found a pro- 
gressive increase with age in such 
changes, which tended to counteract 
the illusion. The youngest groups 
(ages five to seven) actually showed. 
either no improvement or an increase 
of the illusion with practice. A poly- 
nomial trend analysis of the error 
curves, furthermore, disclosed that 
there was curvilinearity at all age 
levels: the curves went through a 
minimum (or maximum), followed by 
a slight reversal. 

The interpretation of these age dif- 
ferences in perceptual learning must 
await a more adequate explanation of 
the nature of such learning effects, 
particularly since, occurring without 
benefit of external reinforcement, 
cases of improvement with 
practice are not readily accounted for 
terms (cf. Wohlwill, 
plausible hypothesis 
might be that in at least some in- 
stances these practice effects are at- 


these 


in associative 


1958) One 


tributable to adaptation processes— 
cf. Kéhler and Fishback’s (1950) in- 
terpretation of changes in the Miiller- 
Lyer illusion, in terms of satiation. 
rhe available evidence on develop- 
mental changes in adaptation (Carini 
& Carini, 1958; Giannitrapani, 1958) 
indicates, however, rather a tendency 
for adaptation to decrease with age. 

Perceptual learning and perceptual 
development. A question relating to 
perceptual learning in a more general 
sense concerns its role in the develop- 
mental changes in perception which 
we have considered in this review. In 
what sense and to what extent are 
these changes interpretable as learn- 
ing effects? Unfortunately, few if 
developmental studies have 
achieved the kind of control over Ss’ 
prior experience that would be re- 
quired for an answer to this question. 


any 
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What would seem to be needed is an trends which appear to cut across a 
attempt to manipulate perceptual variety of content areas. This con- 
experience, both through prolonged cluding section will be devoted to a 
specific practice (as in the studies by brief discussion of these trends, in 
Welch {1939a, 1939b]) and through the hope that some of the theoretical 
exposure to different types of stim- and experimental issues raised by 
ulus environments. There are i- this review will emerge in 


ous limits to the feasibility thi focus 


type of approach with childre: ut Assimilation and contrast. The 


developmental psychology can surely rk on » illusions indicates that 
profit here, as elsewhere, from work  assimilati ndencies decrease with 
of this type carried out on subhuman +, whil rast effects, at least of 
species (e.g., Gibson & Walk, 1956 t I iriety, increase. Fur 
Even without such experimental ige char which are probably 
control, effects of learning are clearly nt in this connection are the 
demonstrable in at least one develop wi n errors of antici 
mental change: the improvement it Y rting-position effects, 
the tachistoscopic recognition n the methods of limits or adjust 
words and objects Edgren, 5 ul used gy, Binet, 1895 
Forgays, 1953; Hoffmann, Jjebert Rudel, 1959: Piaget & 
Here at least two experential fact é ercier, 1953; Wapner & Werner, 
may be specified: increasing fami , as well as the increase in com 
arity with the part ilar objec in pensator\ | s such as those 
words exposed, and, in the case i t n judgments of vertical 
the studies on word recognition by under conditions of body tilt. We 
Forgays and Hoffmann, the perl will return to the significance of this 
tion of the vis iomotor habits i for t] neral problem ot per 
volved in readit < The role of ne - lai a pr i it the end of 
latter factor is shown in the I 
rise in performance observed in both he wtial fre work. The work 
of these studies between the sece rol 7. il orientation in 
, 


and fourth 1d school ) ( na ! on gives clear evi 
ing thus with intensified instru { n t the younger child 


1 et 


‘i 
in reading is further at d rally i stimulus to the 
by the gradual d lopmet { sel tial framework in which it 
tive recognition for words expos t I} irp dec ise with 
the right of the fixat t, dem f patial localization 
onstrated in Fors 
need hardly be pointed out, hov r. [ f confi kinesthetic cues 
that the generalizability {f specifi rizont ty, and the like point 
learning effects of tl tvp ) ne direction, as do the char 
ceptual developn €! I ) I re; ith 1 ( rtain illusions, no 
(e.g., illusions, cor al ‘ma 1% ner p toa certain point 
very much open to qu n in f the horizontal 
nd pe ssibly for the 
iS well The sim 
In the development il nat : ilar rends o in the case of 


Discussto? 


brought out in this review one projective » judgments probably 
discern, it seems, three disti represent at aspect of the same 
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process. In most of tl konthis & Robertson, 1942). Lastly, consider 


question, however, 1 phenomenon of an entirely different 


has been relativel: yt ¢ h ler: the decreasing dependency 


walls of the room on multiple cues in the 


table or altos ner I | tanci Here again the younger 
versely, in the rod-ar 


Witkin et al. (1954) involving 


in close spatial proximit 


Ss a greater amount ol 


is information, in the sense of 


simultaneous presence of a va- 


ulus being judged, of cues which are usually cor- 


framework strons 


problem of veridicality. The 
spatial frar nj p ork on assimilation and contrast 
ual developmet ts point to a problem of con- 
lerable importance for theories of 


! 
se stimul with I r-bD ! t 


ceptual development: do changes 


clarified; one sug 


framework whicl ception as a function of age or 


with the y necessarily tend towards 


il ty, as Gibson and Gibson 

have argued? Although start- 

from rather different premises 

rom the Gibsons’, Piaget in his con- 

ception of perceptual development 

kewise emphasizes the increasing ac- 

icy of perception, resulting from 

tervention of regulatory mech- 

ich as “decentrations” and 

ports”’ (cf. Piaget, 1950). Pia- 

’s studies on the Delboeuf and 

parallel-line illusions bear out this 

view, demonstrating decreases with 

ize both in assimilation and in con- 

In Piaget's view, the main 

which needs to be made 

spatial and temporal 

i, since in the case of the 

the regulatory mechanisms are 

mn an opportunity to inter- 

is the increase in successive 

with age in the Usnadze 

Piaget & Lambercier, 1944). 

ng within the framework 

tonic theory (Werner & 

low potency it I hildhoo pner, 1952), on the other hand, 
ind Werner (1957) have ar- 

stimulus equivalen cperime! rived at a formulation which largely 
tior t reference to veridicality 
developmental trends which 
as outline vs. solidity (Knobl ' t hypothesizes; these are rather 
1934: Riissel, 1931 and color 


of form as a 


when it is 


sp itially more 


specified in terms of the changing 
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interplay of a system of forces which 
may operate as readily to increase 
error (as in the development of the 
compensatory mechanisms in judg- 
ments of verticality) as to reduce it 
(as in the decreasing effects of static- 
object stimulation, exemplified in the 
starting-position effects in the same 
situation). With respect to the illu- 
sions, Wapner and Werner similarly 
imply that assimilation effects de- 
crease with age, with a concomitant 
increase in the strength of contrast 
effects, as shown in their results for 
the Titchener-circles illusion. 

In the of this writer, this 
problem represents one of the central 
unresolved questions in the area of 
perceptual development. Further 
and more thorough investigation of 
this question would provide us with 
the empirical basis for a more ade- 
quate conceptualization of the char- 
acter and direction of developmental 
changes, and would thus shed light on 
the relative merits of the models of 
perception proposed by Piaget and 
by Wapner and Werner. At the same 
time the clarification of age changes 
in assimilation and contrast should 
contribute to a fuller understanding 
of these perceptual processes and of 
their dimensionality—i.e., whether 
assimilation and contrast do in fact 
represent two sides of a single psy- 
chological continuum, as suggested 
in the work on anchoring effects 
(Sherif, Taub & Hovland, 1958) and 
on leveling and sharpening (Holz- 
man & Klein, 1954). 


view 
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A NOTE ON PROJECTION 


PHILIP 


ration Ho 


Murstein an 
concept ol 


re flex ts 


project tion 
laudable 


relevant research 


motive 
review ol r 
a number of astute observati 
There appear to be, however, rather 
glaring faults in formulation, « 

1 definition 

that 

means everything it 

(Murray, 1951, p 

difhcult to see, except 

and Pryer's final defi: 

tion (1959, p. 370), 

Zilboorg’s quote from 

Valeficarum M 
1959, p 353 


project on, 18 


gorization an 


Let us agree 


rstein aw ry 

Hallucinatio ‘ 
the term I] 
plied when ‘“‘devils stir up 
perceptions’ so “that they appe 


be a new impression—f: 


om exter 
Murphy 


1959, 


irom 
Murstein & 


354 ire 


thing 
LELLEiReS 


Sears 


(Quote S 
Pryer, p 
interestit 

to bear more rel 

than 


iall also see tl 


perception 
sl 
above had no 
final definition 

C)ne 
thors’ 
following grounds 
to emasculate the term “‘; 
it would seem ippropriats 
only when the 
the 


characteristics to some 


process retert 
volves attribution o 

exter! 
son or objects. I: 


of the term 


rate ¢ 


h ive 


' ' 
maior role in the miusior recog 


1 ized, but, neve rtheless, added to by 


Murstein and Pryer. 
Projection is defined as “the proc- 


ess of unwittingly attributing one’s 


own traits, attitudes or subjective 


CHASI 


pital, St. Cloud, Minnesota 


processes to others” (English & Eng- 
lish, 1958). In relation to this defini- 
tion the Murstein and Pryer classifi- 
“attributive projection” is 
redundant and relatively use- 
less for purposes of classification. A 
more useful classification 


cation ol 


clearly 


would re- 
sult from considering the presumed 
purposes of the mechanism. 

I'wo major categories are immedi- 
ately We might term one 
type defensive projection and the 
predictive projection. In the 
case of defensive projection the mech- 

lism is seen to operate in defense of 


obvious. 


other 


the ego. One's own unacceptable or 

ied characteristics are attributed 

another. Murstein and Pryer’s 
clearly falls 
to this category, and we may dis- 
with the rather loaded term 
In the case of predictive 
projection a problem in forecasting or 
the behavior or charac- 
teristics of others is the task of the 
ndividual. In the face of insufficient 
evidence about the objects of his pre- 
dictions or forecasts, the S tends to 
attribute some of his own character- 
stics to the object. 


issical projection” 
pense 


lassi al.” 


describing 


The comments 
cited by Murstein and Pryer to sup- 
their category of “attributive 
projection” all involve the predictive 


‘ 
r 


port 
or forecasting aspect as the primary 
pose of the mechanism. 

One that Murstein and 
Pryer are on tenuous ground when in 
liscussing their “attributive projec- 
tion’ they attempt to dispense with 
both the unconscious and the self- 
concept. They state that this cate- 
gory is not concerned with either 
concept. It can be easily argued that 
personality projection of any kind 
cannot occur without a self-concept 
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can see 





290 


to project from, and that the self- 
concept and projective process may 
be characterized by a considerable 
range of consciousness although it is 
likely that defensive projection, at 
the time it occurs, is largely uncon- 
scious. 

It is difficult to understand what 
prompted Murstein and Pryer to in- 
clude a category of “‘autistic projec- 
tion.” Relying for definition again on 
the dictionary (English & English, 
1958) we find that “autism” 
fined as: “‘a tendency in one’s think- 
ing or perceiving to be regulated un- 
duly by personal desires or needs, at 
the expense of regulation by objec- 
tive reality Is it unrea- 
sonable to classify all personality pro- 
jection as autistic? In defensive pro- 
jection the need which clearly exerts 
such a strong effect is ego defense. 
In predictive projection the need is a 
function of the lack of data about the 
object. If we follow Murstein and 
Pryer we would have to define all 
need-determined perception as pro- 
jection. 

The logic that prompted Murstein 
and Pryer to categorize the ration- 
alization of projection as a type of 
projection is difficult to understand. 
Rationalization is a mechanism in its 
own right. If the S, particularly if 
he has been using defensive projec- 
tion, becomes vaguely aware of the ir- 
rationality of his projection and also 
in the service of the ego rationalizes 
his projection, this is not necessarily 
a type of projection. 

It was a pleasure to have the re- 
search review made available to the 
reader, and it was hoped that as the 


is de- 


(p. 59). 


PHILIP H. 


CHASE 


end of the article was approached the 
authors would resolve some of the 
earlier semantic confusion criticized 
above. In their final definition, how- 
ever, they were unable to escape the 
consequences of their earlier think- 
ing. Their attempt to limit their defi- 
nition to “perception or judgments 
having to do with the personality” 
(Murstein & Pryer, 1959, p. 370) was 
laudable even though earlier they 
had dealt so cavalierly with the self- 
concept. This reader was totally un- 
prepared, however, for the statement 
that projection is ‘the manifestation 
of behavior by an individual which 
emotional value or 
need of the individual’ (Murstein & 
Pryer, 1959, p. 370). To accept this 
definition would mean that, in spite 


indicates some 


of Murray's warning, we would have 
to include as projection at least the 
following short list: reaction forma- 
tion, rationalization, repression, sub- 
limation, suppression, compensation, 
displacement, identification, 
jection, fixation, obsession, compul- 
phantasy, with- 
drawal, substitution, 
love, hate, eating and defecating, al- 
though items such as the Babinski 
reflex may be exempt. 


intro- 


sion, dissociation, 


conversion, 


Let us still agree with Murstein 


and Pryer that 


mechanism needing considerable re- 


“projection” is a 


search effort. Let us hope with them 
that more precise and useful defini- 
tion and 
achieved. 


classification can be 
Let us not, however, in our 
endeavors to achieve scientific status 
for a concept neglect the principles 


of logic and functional definition 
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IMPRINTING: 
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HOWARD 
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Bri oklyn College 


Interest in the effects of early ex- 
perience upon the behavior of adult 
animals has significantly 


in recent years as evidenced 


increased 
by in- 
vestigations of 
frornm the 

aves to the deve lopme nt of tactile dis- 


problems ranging 


s of filial behavior in 


crimination in primates. In general, 
this increase in interest has been dus 


to a growing awareness that analys: 
of the role of early experien 
fundamental importance 


standing many aspects of 


Witness the am 


search that has been con 


havior. 


the influence of neonatal se 
rivation on functions su 
discriminations, interocular trat 
and problem solving capacity 
sider also the number of studies de- 
signed to investigate the relation be- 


and the 
sexual and parental behavior of the 


tween early social experience 


adult organism. 
Although these studies have called 
attention to the effects of variations 


in neonatal 


experience on 
togeny of a wide variety 
brate response patterns, we 
any clear understanding of the man- 
ner in which these effects are 
(Beach & Jaynes, 1954 


ample, which particular 


exerted 
For cz- 
ce ve lop- 
when 


mental processes are involved 


the sensory environment of an ani 
mal is restricted such that it 


quently shows increased emotional 


subse- 


* Research presented in this paper was sup 
ported by Research Grants M-1732 and M- 
2417 from the National Instit 
Public Health Service 
acknowledge with 


ites of Health, 
The writer wishes to 
appreciation the many 
helpful suggestions offered by Evelyn Raskin. 


excitement (Melzack & Thompson, 
1956) as well as decreased respon- 
siveness to pain? (Melzack & Scott, 
1957 That early experience is in- 
fluential in structuring adult be- 
havior can scarcely be doubted, but 
the which this influence 
operates is, at best, only incompletely 
understood. 


means by 


rhe results of a recent study by 
Fantz (1957) suggest that desire for 
increased understanding of the man- 
ner in which intraorganic processes 
ind extrinsic stimulus conditions in- 
teract in can, in 
ses, be better served by employing 


ontogeny some 
indica- 
rather than 
behavior established through instru- 
mental conditioning. A species- 
pattern suitable in this re- 
spect would be one that occurs with 
predictable regularity very early in 
the life of the organism and which, 
although stereotyped in its expres- 
sion, is nevertheless liable to exten- 
sive modification by manipulation of 
the sensory environment. The phe- 
nomenon which Lorenz (1935) desig- 
nated as “imprinting” appears to 
meet these requirements. As to the 
importance of studying imprinting 
for understanding the effects of early 
experience on the organization of be- 
havior, Thorpe (1951) writes: “It 


pecies-speciiic responses as 


tors of this interaction 


Sper ine 


needs, and would repay full and pre- 


cise experimental investigation al- 
most more than any other aspect of 
animal behaviour”’ (p. 256). 

It is the purpose of the present 
paper to attempt a critical evalua- 
tion of the research literature con- 
cerned with imprinting and, on the 
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basis of this evaluation, to 
hypotheses for further empirical 
study. 


suggest 


SoME DEFINITIONS OF IMPRINTING 


In 1873 Spalding reported that in- 
cubator hatched chicks tended to 
follow persistently the first moving 
object to which they were exposed. 
Heinroth (1910 subsequently called 
attention to this phenomenon when 
he reported that graylag geese can 
be made to respond to humans in 
filial fashion in preference to adults 
of their own species if they are ex- 
posed to humans just after hatching. 
Several years later, Lorenz (1935), 
concerned with analyzing the func- 
tional stimuli in- 
volved in releasing and directing the 
social behavior of birds, extended the 
empirical Heinroth’s ob- 
servations and provided a theoretical 
framework within which to interpret 
these observations. Lorenz empha- 
sized that in certain species of birds 


significance of 


basis of 


a wide variety of either animate or 
inanimate objects can acquire, in the 
absence of any conventional rein- 
forcing agent, the capacity to evoke 
certain aspects of behavior that are 
ordinarily directed toward 


of the species. 


members 


Since the conditions under which 
an object can acquire this capacity, 
and the the 
havior thus evoked, were considered 
unique, Lorenz designated the proc- 
ess or mechanism involved by a 
special term—imprinting. To dis- 
tinguish imprinting from associative 
learning, he emphasized the follow- 
ing aspects of the imprinting process: 

1. Imprinting can occur only dur- 
ing a very definite period of the 
animal’s life; a period of short dura- 
tion during which the organism is as- 
sumed to be in a critical 
physiological development. 


characteristics of be- 


stage of 
Thus if 


HOWARD 
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a graylag gosling, for example, is to 
respond to a human (or any other 
relatively large moving object) in 
filial fashion, initial exposure to the 
human occur 


hours after hatching. 


must within several 
The effect of 
this exposure is at first shown by the 
fact that the gosling persistently fol- 
lows its “surrogate parent.” 

2. Once imprinting occurs its ef- 
That is, the stim 


ulus to which the animal is exposed 


fect is irreversible. 


during the brief critical period hence- 
forth becomes either the preferred 
stimulus or the only stimulus toward 
which the following response will be 
directed. This preference, once it is 
established, remains extremely stable 
the life of 
Thus with reference to 


presumably throughout 
the animal 
graylag geese, Lorenz (1957 
“Once 


states: 


their instinctive social reac- 


tions are transposed to a human 
being, their behavior does not change 
in the least even if they are kept for 


other members of their 


ind 


105 


years with 
without human 
company” (p While this state 
ment is perhaps too extreme to be 
taken as 


views on 


own species 


Lorenz’ 
stability, 
believed 


representative of 
the 
no doubt 


question ol 
that he 
g produces modifications in 
that 


resistant to change. 


there is 
imprintit 
behavior were extraordinarily 
3. Lorenz pointed out that many 
aspects ol idult behavior that are not 
the period 
during which imprinting is operative 
will 
the func 
tional status is subsequently achieved. 


functional in neonatal 


toward 
when 


nonetheless be directed 
“imprinted object” 


The fact that exposure to an object 
early in ontogeny can influence, in so 
specific a fashion, as yet undeveloped 
was considered 


response patterns 


characteristic of the imprinting prox 


Lorenz cited the case of adult 
shell parakeets that directed their 


ess. 





courtship activities toward humans 


in preference to available members of 


the spec ies as a consequence ol thei 

having been “imprinted” to humans 
5 ! 

sexual behavior was 


held to be the result of 


This aberrant 
mprint 
not of conditioning since 
1955 maintained, “ 


condition any not-yet-funct 


sponse in the ordinary way 
4. When a bird 


printed’’ to a particular stimu 


become 
will readily transfer its followi 


sponse as well as other soci 
sponses to all members of 

which that stimulus bel 
other words, imprinting w 
attachr nt 


features of 


to result in 
Spc if 
its general char 


when a_ gosling, 
hatched under 
subsequently foll 
particular ‘‘fost 
members of the 

" pare nt”’ belongs 
ol imprinting 


ture as a method 


CONSCIOUSNESS OC Speci 


that insures that sox 
extend beyond the 
beyond the species 


Many 


would decline 


contemp 
to ar 
rinting 


between im} 


learning as Lorenz 
Indeed, in a 


1955) 


recent 
renz maintaine 

printing and conditioning sh 
haps be considered iS 
than is 


But while the 


rather dist 
ittempt 
in an absolute manner bet 
conditioning 
there 


mains an emphasis on the 


printing and 


abandoned, neverthel 
ispects ol the imprinting pr 
(1956), tor 


ceives of imprinting as tunctiol 


Thorpe example, 
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. the 
inherited 
He points 


the animal 
processes initiated by its 
118). 


out that many avian species at the 


complete for 
constitution” (p. 


time of hatching possess a neurosen- 
sory mechanism that is initially re- 
not only to stimuli pro- 

the parent but to stimuli 

provided by a variety of moving ob- 
jects that are quite unlike the parent. 
e, as Thorpe assumes, the ac- 
ition of this mechanism functions 
ease the following response, its 
of selectivity renders the social 
vavior of the animal potentially 
SC eptible to control by almost any 
relatively large object that possesses 
the quality of motion. It is obvious 
that this condition, if it were to con- 
ic, « ould hardly prove biologi ally 
tive, so that early in ontogeny 
nimal must acquire a preference 
parti ular class of objects to- 
to direct 
i-xposure to any moving ob- 


which its social be- 
havior 
ject during the critical period serves 
to establish this preference by mak- 
the releasing mechanism more se- 

so that henceforth it will be 
y by that object or by 
Fa- 
and Ramsay (1951) 
imprinting to be the 
process that increases the selectivity 


ective 


vated onl 


objects of similar configuration 
195la 


isider 


bricius 


aiso col 


of the releasing mechanism, insuring 
that the social behavior of the animal 
| be evoked by a relatively limited 

ge of stimuli. 
Lorenz (1935) first to 
int out that marked 
lifferences among avian species with 
respect to their “imprintability”’ and 
the first to ascribe these differ- 
ences to genetically determined vari- 
ations in the specificity of a hypo- 
thetical releasing mechanism. Lo- 
1957) emphasized that some 
birds can be imprinted only to mem- 
the 


the 
were 


was 
there 


Was 


renz 


bers of species since their 
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““... innate perceptory patterns are 
so highly differentiated” (p. 267) that 
the following response cannot be re- 
leased by any other object. Thus cur- 
lews and great godwits, for example, 
cannot be made to direct their social 
behavior to such biologically 
propriate objects as a human or a 
cardboard box. There 
other avian species, , 
graylag goose, and mallard duck), 
which can be imprinted readily to 
moving objects that 
in size and shape This is assumed 
to be due to the fact that in these 
species the structure of the releasing 
mechanism at the time of hatching is 
differentiated only to the extent that 
it can be activated by moving objects 
and not by stationary objects. 


inap- 
are many 
however (e.g. 


differ greatly 


The conception ol imprinting as a 
process that functions to increase the 
specificity of 
ing mechanism carries with it the re- 
sponsibility 
the behavioral events to which im- 
printing is functionally related 
attempt relation- 
ships has involved the use ol 


a hypothetical releas- 


of specifying precisely 
The 
to establish these 
such 
disparate responses as fi 
object during the 


lowing 
neonatal peri d 
courting the same object in la 
Indeed, Thorpe 
recognition of territory (Thorpe, 
1945) and acquisition of a particular 
song through association with mem- 
bers of the (Thorpe, 1956 
should also be considered as the re- 
sult of the i But 
while such indices of imprinting have 


has suggest 


Spec 1es 


iprinting process 


been the subject of much speculation, 
they have received little empirical 
examination. 


Recent investigators, in their ef- 


fort to study the imprinting phe- 
nomenon systematically, have tended 
to concentrate experimental atten- 


tion almost entirely on the following 
response. The present paper will also 
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deal primarily with the following re- 
sponse and, in addition, will use the 
term imprinting to denote a particu- 
lar experimental operation and not a 
process or a It is re- 
alized that by proceeding in this way 
the and, indeed, the 
“flavor’’ of imprinting become some- 
what “attenuated” but (as will be 
such attenuation is believed 
necessary in view of the paucity of 


mechanism. 


uniqueness 


shown 


available empirical evidence. Thus, 


imprinting will be defined as the pro- 
cedure of visually presenting to an 
animal a large moving object during 
the first several 


under con 


life 
litions that insure that the 
not with 
agents as 


hours of its 


object 1s associated such 
conventional 


food 


been found to evoke a close following 


reintorcing 


ind water. Phis procedure has 


of the object in such precocial avian 
species as duc ks, geese, Coots, mMoor- 


hens, and domestic fowl. However, 


imprinting as defined above, has not 


been unequivocally shown to induce 
following either in passerine birds ot 
in mammals. While Lorenz reports 


that he was able to cause young ja k- 


‘ ' 
daws to respond 


fashion and while 
Collhias 1956 


to humans in filial 
Hediger (1950 
(1958) 


buffaloes, 


ind Gray 


speak imprinting in 


sheep | guinea pigs, their findings 


require experimental confirmation 


under more carefully controlled con- 
ditions before they can be generally 
accepted. To broaden the definition 
of imprinting so that the present dis- 
cussion might encompass these spe- 
cies and perhaps, in addition, include 
a greater variety of behavior patterns 
theoretically 


hardly be added 


significance is 


is not likely to prove 


salutary It need 
that 


necessarily precluded by declining to 


systematic not 
se } 

consider the entire spectrum of be- 

havior that (but 


not demonstrated) to be susceptible 


has been assumed 
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to modification by 
procedure. 


the imprinting 


IMPRINTING AND THE ( 
PERIOD 


RITICAL 


One has 
generated so much interest is that the 


reason that imy rinting 


effectiveness of the procedure appears 
to be restric ted to a sper ifie pe riod of 
It will be recalled that 


Lorenz maintained that if 


development 
in object 


is subsequently to elicit following, 


initial exposure to that object 


must 
occur within a relatively brief period 
after hatching; a period dur 
the bird was ass 

cal stage of pl ‘ 

ment. Recently, sever 
have attempted to obtair 
re garding ther Ly 

riod. For examp! 
reports that in tu 
can be elicited onls 
occurs before 1; 
in the mallard, 
strange mov 
parent in some 
delayed 

the n 
probability of the 


strange 


was 


Even in 


object A 
versely related t 
initial exposure o 
Boyd (1950) } 

coot imprintit 

prove efiective 

within the first « 
occurrence of hatching. R 
Hess (1954) found that for 
lard ducklings ar Bantam 
13-16 hours after 


nite the rit | ner | 
tute the ( period 


msay 


both mal- 


chicks, 


hatcl m¢ ippeared 


to const 


They reported that as little as 10 min- 


utes of exposure to a m ile model de- 
ient 


coy during this time was suffi 


produce a strong approach response 
in a subsequent choice test that in 
volved the familiar model and an un 


familiar female decoy. The incidence 
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of correct choices was found to de- 
crease sharply when initial exposure 
occurred either before 13 hours or 
after 16 hours. 

While there is undoubtedly a criti- 
cal or sensitive period during which 
exposure to a moving object is most 
effe with respect to inducing 
subsequent following, it is nonethe- 


tive 


less possible to elicit the response in 
some cases even if initial exposure is 
delayed long past the period that has 
‘n designated as “‘critical’’ for a 
Steven (1955), for ex- 

reports that a lesser white 

ed goose that was captured wild 
between one and two weeks of 
soon developed a strong follow- 
man. Under con- 
lled laboratory conditions, Moltz 
Rosenblum (unpublished) found 
that of 16 Peking ducks kept in iso- 
lation for the first three days of life, 


ve showed 


yviven spec 1¢s8 
ample 


9 response to 


a strong following re- 
nse after exposure on the fourth 
to either a moving cardboard box 
1 model decoy. However, when 
| exposure occurred during the 
il period (i.e., 8-10 hours after 
ng) 14 of 16 birds displayed 
ollowing. After establish- 

the fact that in domestic chicks 
» extol 


f 


il period appeared to be con- 
ned to within the first 24 hours after 
urrence of hatching, Jaynes 
able to induce strong 
ywwing of a cardboard cube in inex- 
| 


perienced 


ne oc 


OS 


7) was 
chicks as old as six days 
by exposing them to the cube for sev- 
hours. While the 
original report by Spalding on the 
following of domestic chicks contains 
only a few procedural details, it is 
apparent that he observed close fol- 
lowing in some birds on the third day 
of life after removing the opaque 
hoods which these animals had been 
wearing from the moment of hatch- 


ing 


eral consecutive 
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Hinde, Thorpe, and Vince (1956) 
reported that as initial exposure to a 
stimulus object was delayed, moor- 
hens became progressively less likely 
to follow, while coots were not as 
markedly affected Indeed, it 
found possible to induce following in 


was 


ot Six 
These authors suggested that 


some coots even after a delay 
days. 
the difference between the two spe- 
cies with respect to the age at which 
following can be established 
the fact that the moorhen, unlike the 


coot, 


is due to 
exhibits early in 
ment a tendency to flee from strange 
The 


response was (¢ onsidered 


its develop- 


moving objects. 
the flight 
responsible for 


appearance ol 
limiting the critical 
period in moorhens to within several 
hours after hatching. Since the coot 
first 
somewhat 


manifests this 
later 
ment, it shows greater flexibility with 


respect to the age at which 


respo! se at a 


st ive ol develop- 


a strange 
object can elicit following Hinde 
(1955b) concluded that the critical 
period: is not a property of 
ferred imprinting process but 
irance ¢ 

bl 


quence ol the ippe 
tendencies incompatible with follow- 
ing. 
On the basis of these st 
seems reasonable to Spe ik of 
period with respect to the or 
tion of the followir 


as one does so i! 


ig respons 
1 relative rath 
absolute terms. For while ther 
doubtedly a relatively brief st 


the ontogeny ol precos ial birds a 


ing which imprinting is most likely 


induce following, it does 
to be either as rigid or a 
Lorenz implied. The 

some a 
initial exposure has been delayed for 
several days, raises doubt concerning 
the validity of conceiving the critical 
period as being specifically a function 
of the hereditar: 


cases following occurs af 


constitution of the 
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MOLTZ 


To be sure, even if the 
critical period were less flexible than 
it appears to be, this lack of flexibility 
would not, in itself, provide support 


Organism. 


for the argument that the critical pe- 
riol is the product of a genetically 
determined condition that arises in 
cle pendently of early experience An 


animal might be responsive to cer 


tain extrinsic stimuli at one particu- 
and be totally 


an earlier and 


lar Stave o!t ontoveny 
both 


iwe, not because of the unfold 


unresponsive at 
later st 
ing of some “innate growth plan,” 
but because of changes brought about 
through the progressive interaction 
he n the Sh cntincs suaiiemind 
vetween the deve loping Organism and 
(Sx hneirl i, 


It is in terms of this interac 


its sen 


1956 


sory environment 


tion > attempt will be made 

subsequently to account for the criti- 

‘ il er od ' | fer tl 7 | . 
p D in tor € initial appear 


ance of the following response 


[He “IRREVERSIBILITY” OF 
THE FO!.LOWING RESPONSI 


will be recalled that Lorenz con 


it imprinting produces i 


iis ¢; 


moaimmcations in behavior 
it this is one of its distinguish- 
Che display of abnormal 


ns b 


e had been imprinted to 


adult birds which 


1.f 


o other “heterospeciti par 
ntl been add iced in 
The cir 


this evi 


support of this contention. 


cumstances under which 
dence has 


leave much to be desired with respect 
to the 


mental 


be« n obt ined, however, 
exercise of sufficient experi 
Hinde (1955b), for 


example, states that ‘No really ade- 


control 


quate experiments seem to have been 
done here, however, for in all cases 
known to the writer the birds were 
the man 
throughout their pre-adult life so that 
the attachment of the sexual re- 


sponse to man, though perhaps in- 


continually in presence ol 
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fluenced indirectly by tl ly familiar was not ordered along any 
perience, could have n du meaningful continuum in_ these 
later learning process” (p. 2 studies, no precise generalization 
reference to these sexual fixations, function can be specified. 

rhorpe (1956) has also stated tl Fabricius and Boyd (1952-1953) 
as since speci il recautiol exposed one group of mallard duck- 
against reinforcement by s sequ lings to a balloon and a second group 
conditioning were 10 k his to a brown box within the first 
must have played large, perhaps 24 hours from the occurrence of 
very large, part in the | 1 hatching. After several days, during 
and strength of the phenomenon’ which time repeated presentation of 
p. 358). The only studi itto the familiar object occurred, the 
the problem of “‘irreversil hat birds were exposed to the unfamiliar 


have been performed with : object either alone or in combination 


those that , with the familiar one. Fabricius and 
with the following res] lt Boyd reported that several birds fol- 


the se studies to which a ( . lowed the unfamiliar objec a but in all 


precisiot re 


be directed cases the “response was less intense.” 
The statement hat imprint nfortunately, no data were pre- 
produces har modificatio ted which would permit one to de- 
that are irreversible inter mine the relation between initial 
preted it ‘ x] ponse strength and the magnitude 
sure to ; irticular f the generalization decrement. 
following, a markedly d milar ol sing coots and moorhens, Hinde, 
ect cannot d ; ( v1 : iorpe, and Vince (1956) conducted 
familiar object will continue to « 1 number of generalization tests, em- 
without any fie t rement in ploying objects as different from the 
strength ' inter ining object as a box moving along 
ition is concerned with the prol ire differs from a man walking. 


of stimulu ralizat wh he experimental procedure involved 


second 18 ( i i wit! n resentation of the generalization ob- 
problem of response stabili ring ject either immediately following 
initial exposure or after a number of 

opportunities to respond to the train- 

ing object had been given. The re- 

sults showed that many birds fol- 

lowed the generalization model on 

Only v id hav nt the first occasion on which it was 
ported that are int to the prob- presented, although following was 
lem of neralizatior these, frequently hesitant and unstable 
is no doubt, however, that 

generalization occurred and that re- 

sponse to an unfamiliar model was a 

inimals that have foll d a particu positive function of the strength 
lar object will subsequently lowan with which the training model was 
unfamiliar object when the latt followed. Hinde, Thorpe, and Vince 
presented alone or i ymbination oncluded that imprinting does not 
with the familiar ol t h ‘irreversibly modify”’ behavior, since 
relation between familiar and un- following one object does not pre- 
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clude subsequent following of mark- 
edly dissimilar objects. 

Jaynes (1956) hus presented data 
on domestic chicks which agree in 
most respects with the data obtained 
from coots and moorhens. The pro- 
cedure Jaynes employed consisted of 
exposing newly hatched chicks to one 
of two dissimilar cardboard objects 
(i.e., a green cube or a red cylinder) 
that moved irregularly about an al- 
ley. After following had been well 
established, the unfamiliar 
was presented alone. In all cases a 
decrement in responding to the un- 
familiar object was evident, although 
examination of the data left no doubt 
that considerable generalization oc- 
curred. On this basis Jaynes con- 
cluded that it is “clearly untrue” 
that imprinting produces irreversible 
effects if irreversibility is construed 
to mean a high degree of specificity. 

Moltz and Stettner (unpublished) 
attempted to test for generalization 
using an apparatus and an experi- 
mental procedure similar to that em- 
ployed by Jaynes. They exposed one 
group of Peking ducks for 25 minutes 
per day for three days to a model de- 
coy that traveled about a 10-ft. alley. 
A second group was exposed to a 
green cardboard cube that described 
the same pattern of motion as the de- 
coy. On either the fourth or fifth day 


object 


one half of each group was presented 
with the object to which it had not 
been previously exposed. 
in relation to the unfamiliar object 
ranged from initial avoidance to close 
and persistent following. Of 
birds that followed during the gen- 


Behavior 


those 


eralization test, none reached the 
level of responding that was in evi- 
dence prior to the test. It is rather 
surprising that the magnitude of the 
generalization decrement did not ap- 
pear related in any consistent man- 
ner to initial response strength (rho 
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=-—.07). Jaynes also reported in- 
ability to predict magnitude of this 
decrement from knowledge of the 
strength with which the familiar ob- 
ject was previously followed. It will 
be recalled that, in this respect, the 
results of Hinde, Thorpe, and Vince 
are contradictory. The fact that the 
generalization decrement exhibited 
by coots and moorhens covaried with 
initial response level, while that ex- 
hibited by Peking ducks and do- 
mestic chicks did not, cannot be ex- 
plained on the basis of available 
empirical evidence. 

It is obvious that a systematic in- 
vestigation of imprinting in relation 
to the generalization phenomenon is 
required. Future research might be 
directed toward trying to order stim- 
uli along some meaningful contin- 
uum (such as size or shape) so that a 
more precise generalization function 
can be specified. In addition, the 
the 
imprinting procedure (e.g., duration 


relation between variations in 
of exposure, energy expended in fol- 
lowing, etc.) and the subsequent abil- 
ity of the bird to respond selectively 
to a familiar 


object also requires 


study gut perhaps before investi 
gating any of the above mentioned 
parameters, the various procedures 
used to test for generalization should 
be subjected to experimental analy- 
sis, since presenting the familiar and 
unfamiliar simultaneously 
rather than successively has been 
found to exert different effects on the 
temporal course of the generalization 
decrement. 


objec ts 


Response Stability 


As was noted previously, there are 
two ways to interpret the statement 
that imprinting produces irreversible 
modifications in behavior. The first 
interpretation is relevant to the prob- 
lem of stimulus generalization and 
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the contention that once exposure to 
a particular object induces following, 
subsequent following of dissimilar ob- 
jects is precluded. The second inter- 
pretation is that following a familiar 
object will continue to occur without 
any significant decrement in response 
strength. 

Before proceeding 
problem of 


the 
response stability, it 
recalled that the 
conditions specified in defining im- 


to discuss 


should be one of 
printing is that the object to which 
the bird is exposed initially is not to 
be associated with any conventional 
reinforcing This con 
should also be made to hold for all 


agent. ition 
subsequent exposures. If it can be 
shown that following remains stable 
in the absence of any 
the 
factors involved in maintaini: 


obvious reward, 


then attempt to 

response 1s likely to prove systemali 
On the other hand, 
if following results in the receipt of 
water (or if the object fol- 
acquires 


cally significant 


food or 


lowed secondary reward 
value through association with such 
reinforcing events) the problem of 


stability becomes trivial. 
the 


will be restricted to an 


response 


Consequently, analysis below 
examination 
of those studies concerned with 

termining the functional course of the 
following response undet 
that 
mary nor 


However, it 


conditions 
pri- 
reiniorcement. 
should be 
that in some cases it was difficult to 
determine the extent to which rein- 
forcement had been involved. Many 
“imprinting studies” have been car- 
ried 


appear to involve neither 
secondary 


met tioned 


out under seminatural condi- 
tions and reports of these studies of- 
ten do not supply sufficient detail 
concerning the method 

when the 


was the object followed (as in 


employ ed. 
experimenter 
Lo- 


renz’ early work), it becomes pertinent 


Especially 
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to inquire whether the animals were 
fed by the experimenter and, if so, the 
extent to which he became ‘ 
taminated"’ with reinforcement. 
studies that 
ciently free 


‘con- 
The 
follow seem to be suffi- 
from such contamina- 
tion. 
Fabricius (1951a) reported that 
was able to establish a 
strong following response in tufted 
ducks, shovellers, and eiders, the fol- 
lowing response “gradually dimin- 
beginning at about three 
weeks of age. Nice (1953) employed 
essentially the same procedure as 
and also found that in 
shovellers following began to wane 
at approximately the same age. Al- 
though in many respects Fabricius’ 
study represented a pioneer effort, 
it was performed under conditions 
that left much to be desired with re- 
gard to the degree to which the bird’s 
experience in the test situation was 
controlled. Under somewhat more 
controlled test condi- 
Fabricius and Boyd (1952- 
1953) found that mallard ducklings, 
within the first 10 days of age, ceased 


although he 


ished”’ 


| abr ic1us, 


adequately 


tions, 


following a moving box to which they 
had previously shown strong “at- 
tachment.”’ Fabricius and Boyd con- 
tended that this rapid decrement in 
response strength was in part a func- 
tion of the fact that the animals were 
housed collectively. Why this should 
interfere with following was not made 
clear. 

Following appears to be somewhat 
more stable in coots and moorhens, 
for Hinde, Thorpe, and Vince (1956) 
observed that a decrease in response 
strength first became evident after 
four to five weeks of testing in moor- 
hens and not until seven to eight 
weeks in coots. There was no doubt, 
however, that even the intense fol- 
lowing of the coot began to wane 
und that “‘by the end of the juvenile 
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phase was lost altogether’’ (Thorpe, However, since imprinting, uncon 
1956, p. 363). taminated by reward learning, has not 

Moltz and Rosenblum (1958a) been shown to affect directly any 
attempted to determine the func- other response system of the adult 
tional course of the following re- animal, this possibility remains unex 
] 
le 


sponse in Peking ducks under labora- _ plored. 


tory conditions that remained con- 
ANXIETY AND THE STABILITY O1 


stant over successive test trials. Each : 
THE FOLLOWING RESPONSE 


bird was tested for 25 minutes per 
day for a period of 15 days. The ob- he fact that a number of studies 
ject was a cardboard cube that de- show that intense following exhibited 
scribed a fixed pattern of motion during the early test trials begins to 
about an enclosed alley. The results decrease, is puzzling in view of the 
indicated that following tended to conditions under which the response 
reach a maximum by the third trial was evinced. The decrement is obvi 
but shortly thereafter a progressive ously not due to the withdrawal of 
decrement in the strength of the re- reinforcement since, at least in the 
sponse occurred. Activity irrelevant obvious sense of the term, no rein 
to following began to appear during forcement was ever present. Nor 


either the sixth or seventh trial and does the decrement appear to be a 


increased in frequency during each function of any other change in ex 
successive exposure. Toward the end perimental conditions. In the stud 
of the test series, the majority of birds reported by Moltz and Rosenblum 
not only failed to follow but evinced 1958a) for example, the a 
no interest in the object as it passed re maintained in individual « 
about the alley. This behavior is to I time of hatching 
be contrasted with the ong an hroughout the experiment the 
rather intense following that loving stimuli to which any 
dent earlier in the test seri wa r re provided by 
On the basis of the few available n bo ind by the test object 
studies presented, there can be little irthermore, the conditions under 
doubt that a signifi t decrement it e study was performed made 
the strength the llov it | e to insure that the stimulu 
sponse occu ‘ | ire itu on did not chanye over succes 
ils. De spite the se precautions, 
most of the specie | the re- a ith of the follow 
sponse proved quite “disap- ing respo lecreased progressively 
pearing” within 1 relatively nor uring he | ilf of the test series 
time after it was estab! 1S, h hanism mediating this decre 
there is no empirical jus n f nt requires some discussion 
maintaining that imprinting “‘irre veral investigators have 
versibly modifies’’ behavior, if the ented that, beginning at 
index of this modification is consid- nately 7 r 30 hours from the o 
ered to be the strength at which fol rrence of hatching, precocial bir 


lowing is maintained. It is possible, quently exhibit 
ny t 


anxiety’’ or 
of course, that imprinting does exert ‘fear’ it nse to unfamiliar as 
a lasting influence on avian behavior, pects of ‘ environment Ramsay 
but that the following response sim- ~ , for example, noted 
ply does not reflect this influence. “fear responses’’ were a char 
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acteristic feature nallard beha sis was recently reported by Moltz 
ior and Fabricius (1951a) reported and Rosenblum (1956b). They ex- 
the same phenomenor ifted posed Peking ducks for 25 minutes 
ducks and eiders nde, Thorpe, per day for three days to a cardboard 
ind Vince (1956) speak of the fleeir cube that moved about an enclosed 
response in. moorhens and Jay illey. Those birds which showed evi- 
195Xa) found tl hay 1 dence of strong following were re- 
the domestic chic] riter has ined for further study and assigned 
o observed tha he king d ther an experimental or a con- 
responds in a si manner treatment. Beginning on Day 4, 
wide variety of unfamiliar mul xperimental Ss were given daily 
It was noted, , th this 11-hour habituation sessions, each ses- 
havior was! f nt 1 | h f on consisting of placing S in the al- 
was followir ndeed, when O ley in the absence of the object. At 
proximity t object clusion of each session the 
even the sudden in luction ¢ i ob was returned to the alley and 
loud sound would sometimes { ( h iird was permitted to follow. 
elicit any sigt lear mpre h mtrol Ss were treated in the 
ner as the experimental Ss 

it beginning on Day 4 the 

were plas ed ina dis rim- 

ferent situation for one 

lay. The results indicated 
ollowing exhibited by the 

il emotional state of 1 ' cperimental Ss decreased consider- 
sm, this inferred state being exed more rapidly than the following 
observabl vent tress chibit by the control Ss There 

doubt that opportunity to 

On the assum] that st ¢ iab ite to the experimental situa- 


of following is sor | tive | resulted in a marked reduction 


tion of this test-aro Kiet t rength of the following re- 
appears reaso! 
experimental nother implication of the 
ypothesis that strength of 
is some positive function ol 
y level present during the 
exposure to the test object. 
remain in a situation in \v it he impl ion is that an experi- 
has developed will eith eo tal procedure designed to in- 
xiety during the test period 

ncrease following It ap- 

mable to assume that elec- 

os toa test sitt n the ri ’ c, administered in the ab- 

f the object to which a strong fi I ff the test object but in the 
g response had beer O it pt ice of stimuli previously asso- 
tached will subsequently produce a_ ciated with following, will produce 
decrement in the strength of that reater anxiety arousal during subse- 
sponse juent presentation ol the object than 
Evidence supporti shvy } the shock had been administered in 
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the 
ferent stimuli. 
formulate 
greater the similarity 
present during shock and those pres- 


disc riminably dif- 
On this basis we can 
the 


cues 


presence ol 


a second hypothesis: 
between 


ent during exposure to a test object, 
the greater the strength at 
following of that 
maintained. 
Evidence relevant to this hypothe- 
sis has been presented recently by 
Moltz, Halikas 
(1959). Peking ducks were again ex- 
posed to a cardboard cube for 25 min- 
utes a day for 10 days. Prior to the 
regularly scheduled exposure of Day 


which the 


object will be 


Rosenblum, and 


7, the object was removed from the 
alley and the Ss were assigned to one 
of four treatment Each 
treatment 
for 15 minutes in 
ment the 
structed of stainless steel rods for the 
purpose of delivering shock. One 
half of the Ss the 
compartment when the latter was in 
the alley; 
confined in the compartment when 


Kroups. 
consisted in 
a glass compart- 
floor of which 


was con- 


was confined in 
the remaining one half was 


The Ss were 


two ads 


it was outside the alley 
further divided 
subgroups. One subgroup 


into litional 
received a 
series of brief but intense shocks dur- 
ing the period of its confinement; the 
other subgroup was not shocked. It 
was found that Ss that had 
shocked in the alley during confine- 
ment were clearly superior to the Ss 
of the other subgroups with respect 
to the strength of following. 
nificant differences occurred 


been 


No Sig- 
among 
these other subgroups. 

note that 
the protocols revealed that superior- 


It is also interesting to 


ity in response strength was related 
to several behavioral indices of anxi- 
ety. For example, animals that had 
been shocked in the 
quently emitted a great 
tress calls when they were not near 


alley subse 


many dis- 
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the object and would often become 
startled suddenly for no apparent 
reason. This startle behavior and the 
that frequently 
panied it were exhibited considerably 
less often by the other animals dur- 


defecation accom- 


ing their exposures to the test object. 
These results are clearly in accord 
with theoretical expectation, since 
they suggest that the anxiety level 
present during the period of expo- 
sure to the test object is an important 
variable the 
at which will be 
tained. 

Of course, many other implications 
of the hypothesis that strength of 
following is related to anxiety need 


determining strength 


following main- 


be examined before the parameters ol 
| or 


to deter 


this relationship become clear. 
example, we would want 


mine whether strength of following 


lis 


is a linear function of anxiety or 


whether increasing the level of anxi 
ety would, at some point, result in the 
We 
the extent 
affects the 


disorganization of the response. 
would also want to know 
to which level of anxiety 
shape of the generalization gradient 


In add tion, 


it should be noted that 
experime t 


I 
test the hy 


ive ernmployed Peking ducks 


ts de signed to 


pothes 5 h 


exclusively, so that a problem arises 
f the re- 


conceivable that there are 


concerning the generality 


sults. It is 
differences avian 


among precocial 


species with regard to the role of anxi 
ety in maintaining the strength of 
Despite the fact that the 


following behavior of one species ap 


following 


pears to resemble closely that of an- 
Collias & Collias, 1956), 
interspecies comparisons will have to 


other many 
be made before we can conclude that 
following is influenced by the same 
variables and serves the same adap- 
tive function in all species in which it 
Interesting problems in the 
phylogeny of behavior would be pre- 


occurs. 
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sented if it were found that closely 
related species differed markedly in 
the extent to 
stimulus 


W hic h 


conditions 


Variations in 
affected their 
tendency to maintain the response 


once it was established 


Wuy FoLLowinc Occurs 


Lorenz’ early statement concern 
ing the uniqueness of what he desig 
nated as the imprinting process has 
been found to be largely unsupported 
by experimental evidence. We have 
seen that while the pr 


ually presenting a mov 


ocedure of vis 
precocial bird of a certa 
most invariabl ind 
there 1s no empirical 
that 
such, directly 


assuming 


sponse sy ‘m™m 

that the acquisition of t 
response 15s neither rig 
to a specific period in ont 
irreversible once it is esta 


addition, we have been 


sent experimental evidence w 


iwgests a pos tive re 
tween level ol 

stren at 

sponse is Maintal 

ussed 


have not as vet dis« 


tainly the most intriguing 


the imprinting phenomeno: 

why following occur 
Lorenz’ 

nvolves a 

mechanism, the 

which 1s assum 

determined 

empirical evidet ias_ «beer 

vided which, in the writer's opinion, 

supports the assumption that such a 

mechanism is involved in the de 

velopment of the following response 

Indeed, Schneirla 


in general, “claims for 


maintains that 


innate per- 


ceptual schemata have not beet 


validated in adequate experimental 
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investigations” (1957, p. 95). There- 
fore, disavowing the concept of the 
releasing mechanism, we turn to ex- 
amine those processes and events in 
ontogeny which appear likely to con- 
tribute to the development and or- 
ganization of the following response. 
In order to provide a framework for 
the present analysis, let us consider 
the conditions under which follow- 
ing has been studied in the writer's 
laboratory and the behavioral events 
most frequently associated with the 
occurrence of the response. 

he apparatus that has been em- 
ployed consisted of a_ well-lighted 
wooden alley approximately 10-feet 
ong. A motor connected to a pulley 
system was used to drive the test ob- 
ject about the alley at a constant 
A duckling between 8 and 10 
hours old when placed in this ap- 
paratus for the first test trial, usually 
The 


imal frequently drowses and ap- 


8] ced 


exhibits very little locomotion. 
pears to attend to the object only 
when it passes near him. During this 
time none of the conspicuous signs 
of anxiety is present. However, when 
the animal is reintroduced to the ap- 
paratus 24 hours later for the start 
of the second 25-minute test trial, it 
‘mits many and fre- 
runs about the alley for a 
brief period before beginning to fol- 
low Once following 
strength of the response increases 
progressively until the duckling 
comes to devote the entire period to 
pursuing the test object. 


distress calls 


quently 


begins, the 


As long as 
it rernains in close proximity to the 
neither calls 
startle responses are usually emitted. 

What we have just described is the 
sequence of behavior most often ob- 
served to accompany the develop- 
ment of the following response. Varia- 
this have, of 
For ex- 


objec t distress nor 


tions in sequence 


urse, also been observed. 
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ample, some ducklings do not follow 
at all, showing a marked avoidance of 
the object that 
trials. Others follow sporadically and 


persists over several 


never appear to exhibit any signs of 
emotional arousal when placed in the 
alley. 
ing the last few minutes of the 


Some animals will follow dur- 


irst 
trial and begi: 
at the start of 
though 


sequence of behavior most fre: 


to follow immediately 
: 
| 


\l 
the 


juently 


the second tria 


these ducklings exhibit 
observed to prec ede followit gy. the se 


Che 


ire 
il 


quence occurs more rapidly eX 


tent to which these variations due 
to 

behavioral de 
of 


mined. 


differences physiologi il and 


velopment at the time 
hatching 


Pe 


this re 


remains 
rhaps what is most needed 
in 
growth and activity patterns 
embryo as late to the 
post-hatching behavior of the 
Or, 


standing of 


spect are studies of the 
ol 


early 


the 
they re 
neon 
nder 


ips increased u 


perh 
the 


in the onset and 


ate. 
involved 


of the 


variability 
terminatio 
hatching process is what is re 


Certainly, a more precise basel 


dating the critical per 
provided by emerg 
would, in itself, ten 
greater homogeneity 
the of the 
cedure. At any 


seems reasol 


effects impr 
rate for the 
ible focus at 


to tention 


on the most frequently observed se- 
quence of behavior, deferring 
tempt 
this 
further empirical developme: 


mit. 


iny at 


to explain departures from 


sequence until such me 


Fol 


Anxiety and the Development 
lowing 

In addition to.the writer, several 
investigators h called 
to the fact that 
brief period after the occurrence of 


ive ittention 


during a relatively 


hatching precocial birds do not ex- 
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hibit any of the conspicuous signs of 
that 
behavior. 


characterize their 
During this period 
there is an almost complete absence 


emotionality 
later 


of such response indices of anxiety as 
alls, 
defecation, et 
that it 


hav ioral 


avoidance reactions, 
It be 
at this stage of be 
(the 
the bird is exposed ini 
Now Men 
ner has pointed out that the 
fluctuation of 
that a moving 


distress ( 


will recalled 


is precisely 
at velopment critical 
period that 
tially to a moving object 
1938 
retinal illumination 


object normally pro 


duces in the mammalian eve is mag 


nihed in tl 


ne avial ve by its 


ten that 


] 1OSSCS 


sion ot i 
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idows cast on the 


proj ts vitreous 
from the entrance the 


poit 
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ce sensitivity 
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assume that sensitivits 
is greater during the 
than at any het 
that the 
Sitivity 
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s anxiety level low 


iS 
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to the organization ol 


response Its impor 


tance eems to 


to be related entirely 
the fact that it provide s the occasion 


for the conjunction or association ot 


xiety drive and an attention 
" 


of 


| 
1 1OW 


evoking ject If this is indeed the 


case, then it does not appear unrea 


that 
this conjunction the object 


the ( 


sonable to Suggest as a conse 


quem e ot 


acquires ipacity to elicit. cer- 
lly 
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tain iutonom«« controlled 
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of as involving a particular constella 
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tion of visceral and cardiac , ject appears to dominate the visual 
some fraction of which can become environment, while many other stim- 
conditioned to previously net ulus aspects of the apparatus remain 
stimuli. It is assumed that during th ‘“unexplored"’ and hence unfamiliar. 
critical period the (classi di I'wenty-four hours later, however, 


tioning of these implicit low-anxiety the bird's ability to move about has 
reactions occurs simply by improved considerably and at the 
their association with the object and tart of the second trial it not only 
does not in any way dep } pon t ppe more alert but frequently 
inforcement. However, as a result runs about the alley It does not 
this conditionit b the object acquires em unlikely that the diffuse emo- 
he capacity to function a rein tional excitement that the bird ex- 
forcer, henceforth mediati 1eV hibits at this time occurs primarily 
learning. Specifically, issumed in response to the unfamiliar features 
that when anxiety i i en of the alley environment with which 
aroused, any respons nstrumental t now comes into contact. 
in bringing the animal into con Recent studies (Hebb, 1946; Jer- 
I] ld, 1954; McBride & Hebb, 1948; 


\Melzack, 1952) of the genesis of emo- 


tional behavior in several vertebrate 


species have shown that strong fear 
responses incompatil vith a ' can frequently be elicited by strange, 
Vigorous pursu I yt t should but innocuous, visual stimuli in the 
mn continue t Ccu i ther > of any specific avoidance 
stimulus n to ymnditioning. What was found neces- 

ise anxiety or tl ward valu sary for the development of this fear 

of the object is extinguished 1e I response was a period of early sensory 
lation between an y lev ind the mtact with the environment during 
number of trials hich sts vhich time the “familiar” apparently 
following 1s maintained | ils omes established. Thus, Melzack 
been discussed states that emotional behavior 
We have stressed fact tl lur . May appear at any stage of the 

| exy imal’s life when the situation dif- 

illey ar ibject the f yreatly from any that the animal 
shows almos signs of has already encountered” (1954, p 
tional arousal, but that dur se While the anxiety responses 
quent exposures distr calls and f the duckling occur very early in 
startle respons come pron nt ny, there is little doubt that 
features of 1 \ problem vey are frequently evoked by un- 
irises as to wl miliar visual stimuli. If the poor 
sponses occur <omotor and attentive capacities 
It will be recal durit hat the bird displays during the first 
period of initial exposure th rd i rial do, in fact, result in limited sens- 
most often observed main 1 ne contact with many aspects of the 
section of the allev an rv lley, then it appears reasonable to 
frequent intervals lativel w expect that anxiety will be aroused 


features of the al 


moving test ol 


ley, including the later when, by virtue of increased ac- 


yect, seem to com tivity and general alertness, the bird 


mand the animal's attention. The ob- subsequently comes into contact with 
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these unfamiliar stimuli. This ex- 
pectation is supported by results 
(Hess, 1958) indicating that improve- 
ment in locomotor ability is closely 
accompanied by an increase in the 
frequency of fear responses during 
the first 36 hours from the occurrence 
of hatching. 

Without appealing to an innate 
releasing mechanism that functions 
exclusively in the organization of the 
following response, we have been able 
to suggest an explanation of the man- 
ner in which this response comes to 
be established in ontogeny It is 
interesting to note that our concep- 
tualization of the 
nomenon appears to be 
some respects to the two-factor hy- 
pothesis of avoidance learning ad- 
vanced by (1954), Schlos- 
berg (1937), and Solomon and Brush 
(1956). Both 
instrumental sequence 
to account for the behavior they seek 
to explain. Solomon and Brush, for 
example, conceive of anxiety as being 
conditioned to a CS by a “process of 
simple 
Pavlovian or classical conditioning) 
through the contiguity of the CS and 
the fear reactions aroused by the on- 
set of a noxious stimulus. In addi- 
tion, they assume that any 
subsequently successful in terminat- 
ing the CS will be followed closely in 
time by anxiety reduction and thus 
will be reinforced. We have also fo- 
cused on the classical conditioning of 
implicit reactions 
which we have assumed result subse- 
quently in the reinforcement of cer- 
tain responses through a process of 
instrumental conditioning. Of course, 
our concern has been the condition- 
ing of low-anxiety and 
therefore with the reinforcement of 
approach rather than with avoidance 
responses when anxiety is aroused. 


imprinting phe- 


similar in 


Mowrer 


invoke a classical- 


conditioning 


sensory association” (i.e 


response 


drive-associated 


reactions 
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EVIDENCE RELEVANT TO THE 
PRESENT ANALYSIS 


The value of any theoretical en- 
deavor should be measured not only 
in terms of its capacity to integrate 
available data but also in terms of the 
extent to which it can generate novel 
(1.e., previously formulated) 
functional relationships. It must be 
determined, therefore, whether the 
present analysis in terms of anxiety 


not 


reduction is ¢ ipable of mediating pre- 
dictions concerning the influence of 
certain selected variations in the im 
printing procedure on the acquisition 

stability of the 
sponse. We now 


some of these predictions. 


and following re- 


turn to consider 


Characteristics of the Object 


It has been noted that the struc- 
ture of the avian eye increases sensi- 
tivity to We have sug- 
gested that this sensitivity combined 
the limited locomotor and at- 
tentive « the newly 
hatched probably causes the 
moving test object to dominate the 
field—at least during the first 
However, within the frame 
the 


movement. 


with 
ipacities of 
bird 


visual 
trial 

work of analysis, any 
that is 
the attention ol 


present 
repetitive visual stimulus 
likely to command 
the animal at a time when its anxiety 
level is low should acquire reward 
value and subsequently function to 
reinforce approach responses when 
anxiety is Indeed, 
a prepotent auditory stimulus should 


Evidence in 


elicited even 
function in this fashion. 
support of the contention that follow- 
ing can be induced by stimuli other 
than that provided by a moving ob- 
ject has been reported recently by 
several investigators. 

James (1959) placed Plymouth 
Rock chicks in an alley that con- 
tained a flashing light at one end and 
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a continuous light at the opposite 


end The chicks soon developed a 
strong preference for the 
tent light as evidenced by 
number of ay and 
the incre ising tendency to re 
main in the vicinity of the light once 
it had been approac hed 
cally, it might be added 

the 


ecreased mar 


intermiut 
the greater 
proach response 
by 


Parentheti 
that 
frequency of 


James 
re ported 


calls d 


distress 
when the 
in the v nit 

ght. It is alse 

an object ce 

the 


subsequently induced 


bit 1 was 
mittent 
note that 
ciated with intermit 
it moved about the alley 
object after be ng 
constant light WW 
avoided 

With 


( Vili 


respet t 
lias al 
young du 


ll devel 


ief sour 

whether 

a mov 
strongly to tl 
to the mov 
whether a \ 
was employe 
only after tl 


Ove 


preset nted 
| 


engt] 
It has beer 

1951 

i inanim 


{ 
low 


wing, some 


fective than ot! 
closer resen bl 
mally 
parent. For exan 


pet ted that a 


provided by 
ipl 
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ture hen would elicit stronger follow- 
ing in a naive bird than a cardboard 


cubé,-er that the simulated quacking 


of an adult duck might serve better 
than the rhythmic repetition of a 
nonsense syllable. Such a suggestion 
the central 
veural mechanism that is genetically 
itterned so as to correspond to cer- 

n stimulus 


implies existence of a 


configurations more 


closely than to others. It is further 
ied that the 


the 
pondence between extrinsic 
lus and 


closer cor- 
stim- 
neural structure the more 
sily the following response can be 
released 
we have found no evidence 
ite that innate perceptual 
schemata of any kind are involved in 
the development of the following 
the question raised above 
concerning differential ef- 
fectiveness should be examined. Con- 
ler the visual modality, and recall 
that we h the 
problem of moving as compared with 
iry stimuli as it relates to the 

izat While 

re has no attempt to rank 
order moving objects with respect to 


re sponse, 


stimulus 


ive already treated 


on of following. 


been 
legree to which they resemble the 
pecific parent and then to test 
effectiveness in inducing follow- 
the limited data that are avail- 

ible indicate that there is no positive 
relationship Hinde, Thorpe, and 
Vince (1956 for example, found 
that a black box was somewhat more 
strongly followed than a moorhen 
odel by both moorhens and coots. 
However, when all the objects em- 
loved were they con- 
luded th . no indi- 
ition that any particular character- 
istic, other than movement, was of 
importance” 224). 

Fabricius also reports that shape and, 
within wide limits, size are unrelated 
either to the occurrence or to the 


considered, 


it there was ‘ 


r special (p. 
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stability of following. To emphasize 
the point he exposed ducklings to the 
+ . gliding forward movement of a 
creature with exactly the shape of a 
swimming female duck” (195la, p 
276). Not only did this object fail to 
induce 
pared with other objects, but it 
somewhat inferior to the human ob 
server. 
In the 
lings were exposed either to a green 
idult 


found, contrary to 


stronger following as com- 


was 


writer's laboratory, duck- 
box or to a model decoy of an 
Peking. It was 
the data reported above, that the de 
than 
test 

failed 


it ap- 


coy elicited stronger following 
the box Db U8: 
While a subsequen 


to confirm this finding, so that 


two-tailed 
{ repli ition 


pears to have been the result of 


pling error, what theoretical implica- 


tions would such a difference h: 
entailed had it been confirmed 
example, would it have indicate 

use Ramsay's words, “ . in int 
ability to respond to the biologi ally 
correct object’’? (1951, p. 1 

haps the question should b 

adoes col te! 
birds 
as compared with an- 
that 


corres ty nec 


even more general 
stronger following (by naive 
of one object 
other, 
object 
essarily 


irrespective of whether 
is “biologi ally 
imply 


mechanism 


the existence of a 
neural whose character- 
istics are in any sense isomorphic 
with those of the preferred object? 
We submit that such a preference, if 
it were to be found, might be 
fruitfully analyzed in terms of the ex 
citation of the 
bird’s eye than in terms of the excita 
tion of 


more 


sensory elements in 


some specifi preformed 


neural pattern. For example, subse- 
quently 
certain moving 
function of the 
retinal flicker produced by these ob- 


jects during the critical period by 


greater readiness to follow 


objects could be i 


greater amount ol 
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virtue of their size, shape, and rate of 
movement. It is not unreasonable to 
expect amount of retinal flicker, or 
similar receptor-excitation effects, to 
be related to the extent to which the 
animal toward 


orients a particular 


object and hence to the probability of 
that object 


vironment 


dominating its visual en- 
On the basis of the pres- 
the 
object during the criti 
greatest likeli- 


anxiety-reducing 


we would expect 


, , 
riod to have the 


cal px 


hood of acquiring 
value ind of bei 


low ed 


i subsequently fol 
In this way differences among 
objects with respect to their general 
become 
that 


making it in 


stimulative effects might 


into 


hibits, 


preterene es 
3 ft » speak of some pre 
formed “conception” of the preferred 


-_ 
opiect 


Imprinting Effectiveness and the Ov 


currence 
We have 


ol following is 


the 
gov rned by 


nceived inttiation 
being 
two processes [he first process con 
he association or conjunction 

ition-evoking stimulus and 


a low xiety 


drive, is a ¢ onseq ue nce 


of which certain reaction components 
of the drive state become conditioned 
to the stimulus. It is assumed that 
the conditior ing ol these low anxiety 
is causes the stimulus to a 


quire rew ird vaiue 


reactiol 
Che second prox 

ess involves strengthening responses 
that ser 


ve to bring the animal into 


with this stimulus when anxi 
e 
i] 


contas 
etv 18 si 
Now if 


have de 


sequently aroused. 

the two processes that we 
ribed do, in fact, govern the 
development of then it 
should be possible to manipulate the 
independently of the 
second. In other words, we would ex- 
pect the to acquire reward 
value independently of the occur- 


following, 
first process 


object 
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rence of the following response. In 


deed, it should be possible to delay 


opportunity to follow until well past 
the critical period, as long as initial 


exposure occurs during the appropr 
predicted that 


ite time. 
following 


mal will 


rmitted, 


object as i 
yovern its own beha 
There are several 


rt this 


i] ex posure 
proximately 
ibse quenth 


1 
miey 


| 


} 


supsequeé ntl 


these Ss a 


proached 


tT) 
t 


' 
quently and a \ orou 


Ss whose activ t% | 
ly restricted 
] iynes (1958a 
that are in accord 
tion that the 
\ ilue by al ob} 
upon the occurrence o 
ing He exposed chi . 
ages toa moving < ardboard cube for 
object 


one 30 minute period he 
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was then removed for 10 days after 
which time S was again placed in the 
apparatus and allowed to follow. Our 
interest is directed toward those ani- 
“overt” signs of 
following during initial exposure. It 
was found that these Ss responded 
somewhat strongly than Ss 
that had previously shown some 
tendency to follow the object. Jaynes 
used the term “latent imprinting” to 
emphasize the fact that the effects of 
exposure to a moving object might 
not become manifest in 
until several days later. 
A study reported recently by Hess 
1957) contains data which do not ap- 
pear to be in accord with theoretical 
expectation, since they indicate a re- 
lationship between energy expendi- 
t | imprinting 


mals that showed no 


more 


behavior 


effectiveness. 
Hess exposed mallard ducklings to a 
model decoy that moved about a cir- 


ure ana 


illey. The distance the decoy 
iveled, and consequently the en- 
ergy expended by those ducklings 
closely, varied 

hile duration of exposure was held 


that followed was 
W 
t. A choice test was then em- 
involving the familiar model 
stationary) and an unfamiliar 
different color (either 
ng or stationary). It was found 
that is the distance over 
which the duckling was required to 


now 


oi a 
creasing 


follow functioned to increase percent- 
the familiar model. 
Since this finding has been consid- 
ered to reveal a unique feature of the 
| (Thorpe, 1956: 
Verplanck, 1958) we must carefully 
examine 


age < hoice ol 


imprinting process 


its relation to the present 


. he 
hypothesis 


First, percentage choice 
was the response measure that Hess 
employed, while our hypothesis has 
been formulated primarily in terms 
of strength of following. The reason 
lor restricting the hypothesis in this 


way is that percentage choice and 
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strength of following have been 
found to provide different estimates 
of imprinting effectiveness. Jaynes 
(1958b), for example, reported that 
chicks which had strongly followed a 
moving cardboard model 
quently failed to choose consistently 
between it and a strange object when 
both were stationary. Rosenblum 
and the writer have systematically 
compared the responses of 
ducklings that had strongly followed 
a moving object with those of duck- 
lings that had either not been per- 
mitted to follow during exposure or 
No 
significant differences were found. 
The apparent failure of the choice 
technique to yield data that are con- 
sistent with strength of following 
presents an interesting problem. Per- 
haps the inconsistency is due to the 
mechanics of the choice technique. 
Consider the fact that a moving ob- 
ject is suddenly made stationary and 
is placed in apposition with a strange 
object. Not only is the test situation 
altered as a result, but an important 
stimulus characteristic of the familiar 
object has been 
that it is no longer moving 


subse- 


chow e 


had not been previously exposed. 


namely, 

Since 
such changes are involved in the very 
nature of the choice technique, it 
might be expected to provide a some- 
what lower estimate of imprinting ef- 
fectiveness than that provided by a 
technique that does not require any 
change in test conditions. 

A second point can be raised with 
respect to Hess’ contention concern- 
ing the relation between energy ex- 
penditure and imprinting effective- 
ness. On the basis of what has just 
been said regarding the generaliza- 
tion decrement involved in the use of 
the choice technique, it would appear 
reasonable to expect a procedure that 
allows the object to retain the same 
speed and pattern of motion through- 


changed 
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out the experiment to be superior, or 
at least equal, to the choice technique 
in reflecting differences in imprinting 
effectiveness. Certainly, if Hess’ re- 
sults point to a fundamental feature 
of imprinting, it should be revealed 
quite clearly by using strength of fol- 
lowing as the response measure. 
when the following re- 
was employed (without in- 
volving any change in the stimulus 
characteristics of the test object) no 
relation between energy expenditure 
and imprinting effectiveness was 
found. As was noted above, birds ex- 
posed to, but not permitted to follow, 
a moving object subsequently fol- 
lowed as vigorously and as strongly 
birds that 
tively pursuing the object during the 
same period of time. It can, of 
course, be argued that although the 
experimental Ss 


However, 


sponse 


as control had been ac- 


were closely 
fined, some activity (and hence some 
energy expenditure) was still possi- 
ble. However, neither Moltz et al. 
nor James (see Footnote 2) 


con- 


found 
any relation between the amount of 
activity that was exhibited and sub- 
sequent following. Indeed, the writer 
observed that some birds sit quietly 
during confinement and then follow 
vigorously when the opportunity was 
afforded. Certainly, these animals 
than their 
matched controls which at the same 
time were running about a 10-ft. al- 
ley in close pursuit of the object. 


expended less energy 


The data we have just cited seem 
to indicate that the effectiveness of 
imprinting is dependent neither upon 
energy expenditure in general nor 
upon the occurrence of overt follow- 
ing in particular. 
able to maintain, 
Hess’ (1958b) statement that 
“...the strength of imprinting 
equals the logarithm of the effort ex- 
pended by the animal during the im- 


It appears reason- 
therefore, that 
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printing period” (p. 85) requires ad- 
ditional empirical support before it 
can be generally accepted. 


Anxiety Level and the Critical Period 


The results of several studies indi- 
cated that there is a period in on- 
togeny during which initial exposure 
to a moving object is most likely to 
induce subsequent following We 
have maintained that the importance 
of this period with respect to the 
organization of the 
sponse is a function, not of some spe- 
cifically preformed 


following re- 


“growth plan,” 
but of the presence of a low-anxiety 
drive that provides the occasion for 
the conditioning of certain associated 
The fact that 
state is most often prepotent during 
a relatively brief stage of behavioral 
development largely limits the effec 

tiveness ol the 
first 15 or 20 hours from the occur- 
rence of hatching. 


responses. this drive 


initial exposure to 
The present an- 
alysis suggests, however, that if the 
sequence of events assumed to be in- 
volved in the organization of the fol- 
lowing response were to reoc ur ata 
later stage of development, then it 
should be possible to establish the 
response in an animal to which the 
imprinting procedure had not 
previously ad ministered In 


been 
other 
words, it is predicted that irrespec- 
tive of age, the simultaneous occur- 
rence of a low-anxiety drive and a 
visually dominant (but unfamiliar 

object, will result in vigorous follow- 
ing if anxiety is subsequently aroused 
in the presence of that object either 
through the introduction of shock or 
through the introduction of 

(but innocuous) visual stimuli. 


novel 


There are, of course, many prob 
lems involved in testing this hypothe- 
sis; the major problem being that of 


drive manipulation. Recall that a 
naive duckling older than 20 or 25 
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hours will often show marked avoid- 
ance of a completely strange object, 
making it difficult to reestablish the 
initial phase of the assumed drive 
sequence in the presence of that ob- 
ject. Of course, allowing sufficient 
time for habituation to occur might 
result in the desired drive level, the 
response components of which could 
then become conditioned to the ob- 
ject. Subsequent exposure, but in an 
unfamiliar stimulus situation, (which 
would presumably result in anxiety 
arousal) might then induce strong 
following due to the previously ac- 
quired anxiety-reducing value of the 
object. However, if exposure initially 
elicits fear, an opportunity is pro- 
vided for components of the fear re- 
action to become conditioned to the 
object, this event being incompatible 
with the drive sequence assumed nec- 
essary for the occurrence of following. 
Gray (1958) has demonstrated that 
such conditioning can occur quite 
rapidly and often remains evident for 
some time. Thus, although data have 
been obtained (Jaynes, 1957) which 
indicate that prolonged habituation 
will frequently result in a “high level 
of following,” a procedure that would 
eliminate, or at least reduce, the fear 
manifested initially by juvenile and 
adult birds in response to a strange 
object would certainly be preferable. 
In short, in order to test the hy- 
pothesis under consideration we re- 
quire a method that provides a more 
“direct” way of reestablishing the 
low-anxiety state that was present 
during the critical period. 

A promising lead in this respect 
has been offered recently by Hess 
(1957) in connection with a study in- 
volving the use of such “tranquiliz- 
ers’ as chlopromazine and mepro- 
bamate. He reported that these 
drugs produced a marked reduction 
of emotionality when administered 
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to mallard ducklings ranging in age 
from 24 to 32 hours. Of 
the fact that the use of chlopromazine 
served to increase 
tiveness at an age when the imprint- 
ing procedure is largely ineffective. 
It was found that if naive animals, 
chronologically past the critical pe- 
riod, were exposed to an unfamiliar 
object while under the influence of 
chlopromazine, they 
(after the drug had worn off) re- 
sponded more frequently to that ob- 
ject than control animals of the same 
age to which either water or nem- 
butal had been administered. Unfor- 
tunately, while this result is in ac- 
cord with the present analysis, the 
fact that meprobamate did not prove 
effective when employed under the 
same conditions, 
tion difficult. 
dictory results are due to the widely 
different pharmacological properties 
of the two drugs; chlorpromazine be- 
ing an autonomic suppressant (or a 
tranquilizer in the narrower sense of 
the term) and meprobamate a central 
relaxant (cf. Berger, 1957). Experi- 
ments are currently being conducted 
in the writer’s laboratory in the at- 
tempt to determine the influence of 
several different tranquilizing agents 
on the development of the following 
response. It is predicted that, irre- 


interest 1s 


imprinting effec- 


subsequently 


renders interpreta- 
Perhaps the contra- 
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spective of age, exposure to an un- 
familiar test object while under the 
influence of such agents (especially 
that 


suppressants” 


“autonomi 
result in 
animal is 
to experimental 


those function as 
will 
the 


subjec ted 


strong 
following if subse- 
quently 
conditions calculated to arouse anxi- 
ety. 

The that 
sented in the present paper has been 


analysis has been pre 
concerned with the manner in which 
anxiety appears to be related to the 
development and stability of the fol- 

Much additional 
through systematic 
a variety of avian species, 


lowing 
data, 
study of 


response 


obtained 


are required before the parameters of 
this relationship can be specified pre 
cisely. Further experimental work 
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tion of those response systems with 
which contemporary behavior theory 
concerned (e.g., bar 


is at present 


pressing, salivation, etc.). It is be 

lieved that the imprinting phenome 
non is of sufficient theoretical signifi- 
cance both to learning theorists and 
to ethologists to warrant such an en- 


de ivor 
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CONTRADICTORY CONCLUSIONS FROM TWO SPEED OF 
PERFORMANCE MEASURES 


EUGENE 5S 
Kan 


Speed of performance can be cx- 
pressed in terms of amount performed 
per unit of time or amount of time 
lhe follow- 


ing example will show how different 


per unit of periormance 
the interpretation of computed sta- 
tistics can be, for these two alterna 
tive measures of speed of perform- 
ance. 
The spec i show! 
hypothetical runni 
rats, each rat being 


different occasions 
servations are 
in the table 


travelled 


expre ti 
Rat A on the 
teet per 


more 


was, therefore, faster. However, the 


same rat, Rat A, on the average took 


more seconds foot travelled and 


per 
therefore, slower 


was 


Means 


One way of settling the contradi 


tion might be to accept the conven 


tion of physi ists to express velocitv 


only in terms of distance per unit of 


solution would 


but this 
anyone 


time, not 


satisfy who considered dis- 
tance per unit of time and time per 
unit of distance to be equally valid 


expressions of speed. 


EDGINGTON 


1s State Teachers College, Emporia 


Frequently in research the running 
times and latency times of rats are 
subjected to a reciprocal transforma- 
tion prior to statistical analysis; that 
is, the statistical analysis is carried 
out, using the reciprocals of the run- 
ning times and the reciprocals of the 
latency times. However, a significant 
lifference between means of the re- 
ciprocals of running times cannot be 
interpreted as indicating a significant 
difference between means of running 
times. The same is true of latency 
times and their reciprocals. 

Furthermore, the nonlinearity of 
the relationship between the two re- 
ciprocally related measures ( Y = 1/X) 
that there can be incon- 
sistency between them for any statis- 
tic that is derived from addition or 
subtraction of measurement values. 
Among the statistics subject to in- 
these conventional 
parametric statistics: the mean, the 
standard deviation, and the product- 
moment correlation coefficient. 


indicates 


consistency are 


Any computed significance levels 
that are based on addition or sub- 
traction of the measurement num- 
be different for the two 
thus, one of the measures 
might lead to the rejection of a null 
hypothesis while the other measure 
might not. 


bers can 
measures; 


Up to this point the discussion has 
dealt with running times and latency 
times of rats, and the reciprocals of 
these measures. However, the statis- 
tical contradictions presented are not 
the result of carrying out the statis- 
tical analysis with the reciprocals in- 
stead of the original data. Either of 
the two reciprocally related measures 
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is equally valid as a measure of speed 
of performance, and either one could 
be considered to be the reciprocal 
of the other. The point is that there 
are two precise measures of speed of 
performance lead to 
contradictory conclusions, for certain 
statistical computations This fact 
applies to speed of performance of 
any kind. For example, it applies to 
measuring manual dexterity with a 
pegboard in term 
pegs per unit of time or in terms of 
amount of time peg Another 
example is the number of nonsense 
syllables memorized per unit of time 
compared to the amount of time per 
And, 
of course, verbal as well as nonverbal 
aptitude and 
employ as a measure of speed either 
amount of time per unit of perform- 
ance or amount performed per unit of 
time. 
speed of performance is measured, 
the signific ance level obtained can be 
inconsistent with what 


which can 


s of the number of 


per 


nonsense syllable memorized 


achievement tests can 


In these and other cases where 


would have 
been obtained had the reciprocally re- 


lated measure been used. 
PROPOSED SOLUTION 


An obvious way to avoid the 
tradictions that can 
two rex Ipro ally related measures ot 
speed of performance would be to 


con- 


arise between 


confine « omputations to order 

that make 
only of the rank order of the original 
data, not the ent 
values. The median, mode, and rank 
correlation coefficient are 


tatis- 


tics, e.g., statistics 
actual measurer 


examples 
The objec tion to this negative 
of solution is that precision ol meas- 
urement is wasted, and consequently 


kind 


computed statistics would be less sen- 
sitive. 

There is a the 
precision of the measurements can be 
fully utilized without the possibility 
of contradiction the 


solution in which 


between two 


EDGINGTON 


measures for any computed statistic. 
A logarithmic transformation of the 
measurement values (either perform 
ance per unit of time or time per unit 
to statistical 
this 
Since the relationship between the 


ot pertormance) prior 


analysis accomplishes result 
two reciprocally related measures is 


Y=1/X, the 


their logarithms is log } 


between 
—log X: 
the values are identical, but have op 
Since the 
values of the logarithms are identical 


relationship 


numerical 


posite signs 
all statistics computed lead to con 
When a statistic 
measure, the 


sistent conclusions 
is computed for one 


conclusion based on it 1s exactly the 
would be the 


based on the same statistic computed 


same is 


conclusior 


for the reciprocally related measure 
Any con 


would be 


puted level of significance 
any 
the two measures 


identical for 
ited for 
irithmetic mean of the loga 


Statist 
comp 

The 
rithms is the logarithmof the number 
that is tl the 
] a significant dif 


* geometric mean ol 


€ 
rith 
il 


ims, so 
f means of the logarithms cor 
responds to ; nificant difference ol 
the antiloga 


should one test 


geometric meat of 
rithms I 

for a difference of geometric means 
when, instead, he is interested in the 


difference of arithmetic means of the 


measures?’ The answer is that he 
should st for differences of geo 
arithmetic 


the dif 
how - 


metric n ns instead of 
means interest 18 in 
ference means; 


ever, the in that is 
ciated 
speed ol periormance me 
doubt on 


and usefulness of hy potheses about 


asso 


with the rithmetic mean of 
isurements 
casts meaningfulness 
the mean speed of performance. In 
mean is con 
A sim 
given for the 
relative meaningfulness of the other 
that may be 


contrast, the geometric 


sistent for the two measures. 


ilar argument can be 


statistics computed 





from the logarithms o 
ment numbers 
Since most 1 | 


non parame 


tics would lead to cor 


even without the logarith: 


formation, the principal 


} bpictt 


the logarithmic transfe 


, 


ter 
ISist¢ 


regard to parametric statis 


pertinent, therefore, to « 
normality of the distrib 
arithms of speed ¢ 
measurements. Now, 


| 


rel itionship between t 
ol perform ince me 
for one to be nor: 


other must not be 
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the normality assumption for the 
speed of performance measures them- 
selves. On the other hand, if the log- 
arithms of one of the two measures 
are normally distributed, the loga- 
rithms of the other measure also must 


be normally distributed. Another 
point in favor. of the logarithmic 
transformation is that speed of per- 
formance measurements often show a 
positive skewness, which is consistent 
with the assumption that their log- 
arithms are normally distributed, 
since a logarithmic transformation 
tends to reduce positive skewness. 
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SIGNIFICANCE TESTS FOR MULTIPLE COMPARISON OF 
PROPORTIONS, VARIANCES, AND OTHER STATISTICS 


THOMAS A 


RYAN 
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Cornell University 


Most procedures for multiple 


| com- 
parison which published 
with com- 
parison among the means of several 
samples, have been further 
limited by the assumption of nor- 
mality of the parent populations. A 
previous paper 1959b 


have been 


have been con erned only 


and 


Ryan, 
which 
volved in all multiple compari 
whether we are comparing t! 

of several samples, or we are 

paring variances, 
dians, correlation 
other statistics 

are also indeper 


cussed general issues 
1é@ mean 
com- 
proportions, 

coefficients, or any 
These gener il issues 
lent of any assump- 
tions about the nature of the popula- 
tion distribution or the sampling dis 
tribution of 

we happen to be studyin 


statistic 
that 


the particular 
paper, how ever, concrete 


for testing multiple 


omnpar 
I . pra 


described only for the case 
The present paper v ill deseri 
tical methods for dealing wit} 
statistics, and also for making co 
parisons by nonparametric me thods 
method 
prob- 


There is a single general 
which can be use 

lems we hav: 

“‘nlugging 

pling distribut 

the ‘‘method of 

levels,” and sha 
plication to sever 

Once the princi 
understood, the reader 


ne thod iS 
should be 
able to generalize it to any situation 
where he knows how to make a two- 
sample significance test, providing 
that the available tables of the di 
tribution are complete enough 

In the case of comparing propor- 
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tions, we can also adapt the methods 


whi h h ive been developed espe ially 


ior means Since this provides a 
slightly more powerful test for pro- 
ions than the method of adjusted 

nee leve ls, itis to be preferred 

in this particular case, but it cannot 
be apy 


‘quently, we shall 


lied to the Con- 


the 


other cases. 
begin with 


more gene ral proc lure. 


METHOD oF ADJUSTED SIGNIFICANCI 


LEVELS 


f the methods for 

[ ison of this 

is also based upon testing 
That is, the highest and 
nple values 


means, 


are compared 
ire not found to differ 

further tests are 
that ill 
ive been drawn from 
If the highest 
values 


onclude 


' 
puliation 


are found 


ficantly, we then pro- 


pairs in order 


ceed ) est other 
from the 
extreme ) 1 


tside in. Whenever the 

¢ t la } ¥ we 

particular subgroup 
nonsignificant, we 
are no significant 
that subgroup 

the tests is made in ex 
Sane Tl 

“cd for i 


ples, but the nominal level' of signif 


I 


inner 


as would be 


single pair of sam 


icance for the test d« yp nds upon the 


number of samples in the group being 
1. Hence the term 


compare 
levels.” By 


“adjusted 
significans suitable 
' The nominal level of significance refers to 
the probability value given in the tables which 
are ordinarily used for comparing two samples 
alone. 
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choice of nominal significance levels, 
we can control the error rate ex pert- 

the whole set 
In other words, 


mentwise for of com- 
we are able 


that 


parisons. 
to state the probability 


one or 


more of our conclusions will be in- 


falsely clais 
significant (See R 
[1959a] for arguments in suj 
controlling the error experimentwis« 

Specifically, the 


justing 


correct in that we 
difference 
yport of 
method of 
the significance | is 

follows: 


i. at 


perimentwise 


we wish the error 
to be a, the 

of the extreme values is made 
nominal level 2a/n(n—1 
the number of samplk 
pared That is, we us 
tables 


testing 


would ordinarily be 


the di 


tlerence between 


but we e1 
lb 


single pair of samples, 
for the two-ta 
n(n—1 
2. If the « 


Sig miin antly 


them ed prot 


of a 


lierent we te ich ex 


treme against the t to the 


other extreme am 
nominal level of 
3. When we 


ference in Step 2 we procee 


smaller sube roups Che general rule 


that, if we are testing a particular 


subgroup ot k samples, we test the 


extremes of that subgroup at the 


2a/n k l Notice 


that this adjusted Significance level 


nominal level of 


no. of compari 


parison = 


rate per « 


totai nu 


rate per exper 
tota 


of experiments « 


entwise = 


rate experin 


size ol 


both the 
} 


the particular subgroup (&) and the 


takes into account 


size of the total set of samples n 


ly 1 


These values of the ad 


if comparisons incorrectly called significant 
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icance level apply only if the tests 
are made in layers as described 
above). 

The basis of the method. If the 
complete null hypothesis is true (if all 
of the samples come from a single 
population , and if we test all of the 
the nominal level of 
2a/n(nm—1), the error rate per expert- 
ment? This is because we would 

n(m—1)/2 comparisons 


differences at 


is a. 

be making 
and the average rate of error per ex- 
periment is the product of the num- 
ber of comparisons times the rate of 
error per comparison Ryan, 
1959b, p. 39). 

Che rate of error per experiment is 
always greater than the error rate 
Thus, if all differ- 
ences were tested at the nominal rate 
f 2a/n(n—1), the error rate ex- 
perimentwise would be less than a. 
In other words, the probability that 
one or more of the differences will be 


(see 


ex pertmentwuise. 


large enough to be considered signif- 

int on this basis will be less than a. 
Consequently, the probability that 
difference will exceed 


the greatest 


} 
the level required for this nominal 
rate is less than a. 


* The rate of error per experiment is the ex- 
pected number of errors per experiment in the 
long run (Ryan, 1959b). Specifically, if a long 
series of experiments, each with several com- 
were actually carried out and we 
counted the number of erroneous conclusions 
the three main rates of error would be: 


Pp irisons, 


s incorrectly called significant 


mber of com parisons 


imber of experiments 


ontaining erroneous statements of significance 


total number of experiments 


Thus the rate of error experimentwise can 
never be greater than the rate per experiment, 
because we cannot have more experiments 
erroneous conclusions than there are 
errors in individual comparisons. 


with 
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In the layer method we have de- 
scribed, only the extreme difference 
is tested at the level 2a/n(n—1 
The argument of the preceding 
paragraph shows, however, that this 
is sufficient the rate 
of error experimentwise is less than 
a when the complete null hypoth- 
true. By the 
experimentwise basis of measuring 
error rate, we test the 
internal differences at a less stringent 
level without overstepping the limit 
of a for the rate of error. We shall, 
however, be increasing the rate of 
error per experiment under the com- 
plete null hypothesis unless we make 
all of the tests at the same nominal 
level. Working in layers with chang- 


to ensure that 


esis is changing to 


are able to 


ing levels of nominal significance as 
we have proposed increases the power 
of the test, without sacrificing con- 
trol of the experimentwise rate of 
error. 

The choice of the nominal level of 
significance for the tests of the in- 
ternal layers is based upon 
partial null hypotheses. The justi- 
fication for the level which is to be 
used can be given for any partial 
null hypothesis as follows: If the 
complete null hypothesis is not true, 
then the error rate will depend en- 
tirely upon the tests which are made 
in the internal layers, since it is no 
longer an error to conclude that the 
extremes differ significantly. There 
will be fewer possible errors to be 
made, and we can therefore be less 
stringent in the 
differences. 

Suppose that the 
affairs consists of 


various 


testing internal 


true state of 
several different 


A. RYAN 


populations 
from each. 


with several samples 
In general the situation 
may be represented as: 


k, samples from Population A 

ke samples from Population B 
with wa>up 
population value of the sta 
tistic being studied) 

ks samples from Population C 
ek 


Tk,;=n (the 


samples 


total number of 


Let us 


are tar enou 


issume that the populations 
gh apart that 
ignore errors which place samples 


we can 
from different populations as signif- 
icantly different in the wrong order, 
that it is certain that 
such samples will be correctly judged 
significant in the correct order. (This 
assumption is needed only for clarity 
of explanation; it will be shown below 
to be unr 


and almost 


ecessary in general.) 

the argument 
which we applied to the total group 
under the complete null hypothesis, 
the probability of or 


Following same 


one more er- 
roneous statements being made about 


the samples from Population A is: 


ky 
n(k,—1) n 


a 


The error rate ‘‘subgroupwise’’ would 
have a corresponding expression for 
The error 
rate for the total experiment is not 


each of the populations. 


exactly the sum of all of these partial 
error rates, but fortunately their sum 


isa good 


The com- 
expression for the error rate 


experimentwise is: 


approximation. 
plete 
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If we keep a small, say the 
terms involving a? and higher powers 
will affect EW very little. In fact, 
since the squared terms are all 1 
tive, EW will be somewhat 
timated if we take only 
involving the Ist power 
mately, then, the error 


05, 


ICY a 


overes 


mentwise will be 


EWs 


For example, suppo 
samples consisting of 
eat h of 5 populatior 


a 05, then ky 2, 


EW s!1 1—.01 
EW < .0490099501 


Thus the tota 


up among the 
samples in proporti 
the 


would have 


of amples from 


tion.* It 


kee p the pr 


this slight 


instead of a 


FOR 
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divide the error rate in proportion to 
the number of comparisons in each 
group divided by the total number of 
comparisons which 
Since we do not know 
the absence of 
knowledge about the true 
cannot divide the error 
this way. It is, however, 
possible to divide the error rate in 
proportion to the number of samples 
involved in each population. 

Let us come back now to the prob- 
lem of erroneous reversal, i.e., where 
a sample from Population A is called 

ficantly Jess than a sample from 
Population B, when in fact the con- 
clusion should have been just the re- 
verse. This kind of error is also taken 


( ire of by 


erroneous are 
the 
advance 


state of 


possible 
latter in 
atiairs, we 


rate in 


the layer method. Suppose 
e start with the complete null hypo- 
and out the 
a particular sample value 


| its corresponding population 


separate errors 


In the first stage of testing the total 
inge of all the samples, there will be 


ree classes of errors which might be 


| 
ic 


7} 


1. Conclusions that ya, is less than 
he value of u in some other popula- 
?. Conclusions that pa is greater 
some other population value of 
3. Conclusions that other pairs of 


populations are different from each 
other 

Now that Population A 

i higher value of uw than all the 

vhile all of the other samples 

The 

probability of errors of the first group 

will then be less than it was under 

the complete null hypothesis. The 


conclusions in the second group will 


Suppose 


ome from a single population. 


» longer be errors, since they state 
the correct relationship between a 
pair of populations. Errors in the 
last group will be somewhat less 
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likely than before because they will 
occur only if some sample from the 
lower population surpasses the sam- 
ple from A. As a result the total 
probability of error is reduced, both 
because there are fewer possible er- 
rors to be made, and the 
probability of these errors is reduced. 

Confidence limits. The layer meth- 
od applies only to tests of signif- 
icance. If we wish to state our results 
in terms of confidence limits or in- 
tervals we pay no attention to the 
order of the means, the limits being 
the same whether the means (pro- 
portions, etc.) happen to be next to 
each other or at the extremes of the 
observed results. The actual 
of the confidence intervals will vary 
if the samples differ in size, but other- 
wise they will all be the same. 

As an example suppose that we 
have five samples with the proportion 
of occurrence of some event in each. 
We will make 10 statements of the 


because 


sizes 


form: “The difference in proportion 


between Population A and Popula- 
tion B is between .05 and .42.” “The 
difference in proportion between 
Population A and Population C is be- 
tween —.10 and .24,”" and so on. We 
can compute these ranges so that the 
error rate experimentwise is, say, 
5%, which means that the probabil- 
ity is .95 that all of the statements 
are correct. If we are dealing with 
variances of a series of samples, our 
confidence statements will take the 
form: “The ratio of variances of 
Population A and Population B is 
between 2 and 6.” “The ratio of 
variances of Population A and Popu- 
lation C is between .4 and 1.9,” etc. 
Again these limits can be computed 
so that the probability is, say, .95 
that all of the statements are correct. 

Confidence limits for mu!tiple com- 
parisons can be made in exactly the 
same way as for a single comparison 
of a pair of samples. It is only neces- 
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sary to adjust the nominal level or 
error rate per comparison to com- 
pensate for the number of confidence 
statements being made. If the nom- 
inal error rate is 2a/n(m—1) for each 
statement, then the error rate for the 
whole set of statements will be a. 
This error rate is the rate per experi- 
ment, and is also an upper limit for 
the error rate experimentwise. 

Since the allowance for confidence 
limits is the same as the difference re- 
quired in testing the extremes of the 
group of samples for significance, and 
there is otherwise no difference in 
method between multiple and single 
comparisons, no detailed instruc- 
tions will be given for obtaining con- 
fidence not to be 
taken as implying that significance 
tests preferable to confidence 
limits. In fact, a strong case can be 
made for the greater usefulness of 
statements in terms of confidence 
ranges. We give the methods for 
significance testing in greater detail 
because they are more complicated 
and 


limits. This is 


are 


also because they 
are more widely used by psycholo- 


to compute, 


gists at the present time. 


PROCEDURE FOR 
PROPORTIONS 


SPECIFIK 


In order to show how the general 
method of adjusted significance levels 
is adapted to various problems, | 
shall give a ‘‘cookbook"”’ outline of 
the computations required for three 
different applications, beginning with 
the problem of proportions. 

Steps in computation: 

1. The data: m samples consisting 
respectively of N,, N,; ° 
Proportions of occurrence of some 
event for sample are i, 
Ps, °° * Pn. 

2. Arrange the sample results in 
order of the size of p, letting p,; be 
the smallest sample value and p, the 
largest. 


- N, cases. 


ear h 
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rABLE 1 
ILLUSTRATION OF MULTIPLE COMPARISONS OF Proportions AT 5% LEVEL EXPERIMENTWISE 


Data 


Samples (Training Methods) 


Cc Aisith eed | Total 


No. of “High Scorers” 2 | 37 | 131 
No. in sample 290 
Proportion of “High Scorers” 20 2 45 60 | .74 


Method of justes ignihcance Levels 


| vel / | RD= Observed | Signifi- 


(,rou . 
, P 2a | ge SEw | Difference) cance 
| : - | 

} 


| | 
| | | | 


00s 2 0952 
0066 ; | 0890 
0066 2.72 2 1060 
0100 
0100 
0100 
0200 
0200 
O2J00 


0200 


bo RD, (for 
(Group , R SK WSD,=SRK, SEa compari- 


son) 


B-E. 2.73 7 260 268 
B-A 2.57 236 242 
D-E 2.8 1S 281 288 
B-C ; d 2.5 202 .206 
D-A 1S .258 262 
C-E 2.3 2.5 227 230 
BD d 96 2.3 .199 197 
pc 2.35 221 | .219 
CA 96 2.3 201 | .199 
AE % 38 213 211 


3. Determine the aver: propor- of the difference between the extreme 
tion of occurrence p for groups (SEq,) from the usual formula 
together by dividing the 1 num = 
her of occurrences | the tot: n SEa=VJVp(i—p)(l Nit+1/N,) 
ber of cases. 5. Find the standard score z, in 

4. Using this average value of the tables of the normal distribution 
proportion, p, find the standard error corresponding to the two-tailed prob- 
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ability of 2a/n(n where a is the proportions. Tukey's procedure* for 
experimentwise » of error desired multiple comparison of means is 
for the whole set ultipl based upon the distribution of the 
parisons. “studentized range,’”’ (SR), i.e., the 

6. Find the required difference range divided by the standard error 
(RD,) by multiplying the standar of the mean. The difference required 


score value and the s dard er for significance by Tukey's method is 
1.e.: alled the WSD (wholly significant 
RD, =S! \ssuming that the dis 

ve proportions 1s 

7. If the difference betwee he approxi ly mal, we can use 
highest and lowest proportio is | 1e€ identiz nve tor multiple 
than RD, we conclude that there is Iparisol proportions, making 


no significant difference ame uitable iptations to allow for the 


samples and stop testing If tl ict that the standard error of the 
difference of the extremes is ere i rm mated in the same 
than this required difference lant he standard error of a 
conclude that the extreme samp roportio me adjustments are 
differ significantly, and pro lwith < iry to allow for samples 
further tests as follows: 

8. Test next the two ibgrouy vn I ida itions are carried 
obtained by eliminating o1 f the rut, tl ps I ilculation of WSD 
extreme values, following the p1 liffer from tha lescribed above for 
dure of Step Y tor ipgroul] r R ! 1 of adjuste iwnificance 
k=n-—1. ly a ain points. We 

9. Procedure for testi sul UDS ill therefore describe only the steps 
of k samples which dif he two cases, with 

(a) Compute the mean proportio numbers 1 ri to the outline o 

for this particular 

(6) Substitute this for 

formula for the standard error 1 tl percentage point of 
of the differe: ota ’ I sti tized nge SR, corre 
SE spol! toa al 1 he number 


Find z, from the 1 I ible mples) and for infinite degrees 


correspondin 1 tw ailed tit t See Pearson and Hart 
probabil ty of 2 i(k yy. ; pI} ] 177 

Find RD,=SExu:: his i y multiplying SR 
the differe: 


extremes ol 
significant 
10. If either of 
nm—1 means is 
above pro ed ire 
testing those subgroups of k eee 
which are not contained in an it 


the met! 

' nsignil can t re { | t with uner 
icant group ol n —] (Ryan, 1959. b ‘ | g of the standard 
The above procedure is llustrated rror of . cr done in this o 
for a specific case of five proportions | proportions 

proportion 
in Table 1 (middle section 


A lication of Tuke y’ method to 
bp 2 


) 
\ <, 18 intre 


w of the 





LTIPLEI 


| ; 


cnce 


the standart 


divided by 


WSD, 
~ how 
i-sS. Same 


i¢ 


used in place o 
9. (c) We find SR, (by reading the The. 

tables of the ein 

rl b 


0 


ind average 


are 
appr 
a 


ipplied to the 


the ishe 
be 
jus 
through the v 


ted signifi 
cS, however 
verv useful bee ! | Ny sf | ' vile 
would I { 
' 
? 
t 


re 
re 


wo ild be 


ropriate to analysis of variance 


COMPARISONS 


MvuLtipLE COMPARISON 
OF VARIANCES 

we have ¢ omputed the variances 
ber of different samples, we 
vish to draw conclusions about 
the corresponding populations 
from one another in variability 
method of adjusted signifi ince 
can also be used for this pur 
The outline of the procedt 


detail, but not in principle 


hich 


ire 
W was given above for 
s. In describing the pro 

I the / 


shall assume that 
opriate if only two 


we 
appr 
were to be « ompared 
in computation: 


of 
vectively 


ita n 
" 
y ises 


S imple S 
res] 


ym each sample 


variance in order of 


ng the smallest 


a see Table lor 
method 


by 
the nominal 
the de- 
corresponding to 
If the test is 
nt we proceed no further 


lables of the 


f the F distribution are us 


extremes s;? 
F test at 
n—1 


dom 


USINY 


sizes 


iple 
percentage 


not extensive enough for this 
nl 


a small number 
In 
percentage 
. 1, 0.5 d 
ent. Yet, if we have 10 sam- 
wish to work 


. ess only 
imple 5 


H 


is involved Pearson 
1954) th 


Z9, 10, 3, 2 


irtley 


e 
5 


an 


pare and we 


of 5 


0 experimentwise 
values should be tested 
90) or .O0O11 1.e., 


must be halved 


level 
| his value 


the percentage points, since 


ibles are designed for the one- 


d application of F which is ap- 


The 
could do, then, for 10 vari- 


s would be to work at the 10% 
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rABLE 2 


MULTIPLE COMPARISON « 


B 


20 
10.07 


Degrees of I re eck ym 
Variance (s*) 


20 


1 VARIANCES AT 5% LeveL EXPERIMENTWISE 


Samples 


\ 


35 


Summary of Computations 


| Nominal level 


k | 
| (no. in 
layer) | 
n(k—1) 


Group df 2a 


B-E 
B-C 
D-E 
D-C 
A-E 
B-A 


00500 
00667 
00667 


15,20 
20,20 
15,15 
not tested because D-E 


25,20 01000 


Note.— N 
Conclusions 
A may belong to either. 


level experimentwise. In addition, 
we would not find the intermediate 
values which needed for other 
layers. 

Other percentage points of F can 
be obtained from the TJabdles of the 
Incomplete Beta Function (K. Pear- 
son, 1934). The method is stated 
Pearson and Hartley (1954, pp. 3 
33), and has been used in the com- 
putations of the example shown in 
Table 2. 

4. If the extremes are significantly 
different, proceed to test 5s; VS. Sas 
and S3 VS. Sa, just as we did for pro- 
portions, at the nominal significance 
level of 2a/n(n —2). 

5. If one or both of the tests in 
step 2 are significant, continue with 
other layers until all tests are insignif- 
icant for a given size of subgroup. In 
each subgroup, the test is made at 
the level of 2a/n(k—1). Again it 
should be noted that, once a particu- 
lar subgroup is found nonsignificant, 


are 


in 
? 


» tests possible for & «2 since all tests for & «3 are ficar 
There is evidence of only two population variances. B bel ne, ( 


Re- c ‘ 
ignifi- 
quired ” 
oe » | cance 
F 


00250 
i 
003433 
| 00333 


not significant 


00500 
| 


insig 


and E to the other. D and 


no tests are made within that sub- 
group | 1959a). 

Note also that the F required for 
each test depends upon the degrees of 


Ryan, 


freedom in the particular pair being 
Thus different tests with 
in the same layer will require different 
F values if the samples are of different 
This, the 
adjustment which is needed in ap- 
plying the method to samples of un- 


compared. 


size. however, is only 


equal size 


MULTIPLE NONPARAMETRIC TESTS 


Although it is becoming evident 
that the parametric methods are not 
so sensitive to nonnormality as was 
once believed (see Lindquist, 1953, 
p. 86), there may be situations where 
we should prefer to use the nonpara- 
metric As an example, sup- 
pose that we have data which would 
have treated by the Mann 
Whitney or Festinger method (Fes 
tinger, 1946; Mann & Whitney, 


methods 


been 
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TABLE 3 


MULTIPLE MANN-Waltney Tests at 5% Levet EXPeRIMENTWISE 


Samples Arranged in Order of Medians 


Observed Values 


Median 


Pair 


A-D 
C-D 
A-E 
A-B 


0050 
0067 
0067 
0100 


ite (,roup A is oler 


® Probabilities read fron 


give one-tailed probal 


approximation, since { 


1955; Siegel, 1956) if we had only 
two samples, but we happen to have 
more than two to deal with. A non 
parametric “analysis of variance”’ 
technique is available (Kruskal & 
Wallis, 1952; Siegel, 1956, pp. 184 
194), but this provides only an over 
all test and does not give 


comparisons of samples 


IS specil 

To perform multiple comparisons, 
we use either the complete distribu 
tion of Mann Whitney's U 
statistic, or the normal 


distribution 


and 
approxima- 

Only a 
general outline of the procedure will 


tion to this 


be shown, since it differs little from 


the previous applications. Table 3 
illustrates the computations 
Steps in 


Computation: 


1. Arrange the samples in order of 
size of the medians. 


) 


2. Compute U (the Mann-Whit- 


B 


12.5 


Signifi- 


(2-tailed) cance 


No other differences are significant. 
. aleo given in Siegel (1956). Note that those tables 
abilities must often be computed from the normal 
+ distributions are given. 


ney statistic based on overlapping of 
the samples for the two extreme sam- 
ples.) 

3. Test the significance of U at 
the 2a/n(n—1) level, using the exact 
distribution of U, if available, or the 
normal approximation of this dis- 
tribution.® 

In the latter 
value of z is 


case the observed 


N,N, 
= 
(NNN +N +1) 


12 


U- 


where N,=number of cases in lowest 
* Available tables (Mann & Whitney, 1955; 
Siegel, 1956) give the complete distributions 
up to samples of 8 cases. For larger samples, 
only the percentage points are given, but the 
normal! approximation is fairly accurate. 
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sample and N,=number of cases in 
highest sample. 

4. If the extremes are significantly 
different continue testing the inner 
layers at the adjusted significance 
levels 2a/n(k—1) where nm is the 
total number of samples and & is the 
size of subgroup being tested. 
the manner de 
scribed for proportions and variances. 


5. Continue in 


SUMMARY 


A general method for multiple 
comparisons which is applicable to a 
variety of presented 
This method, called the ‘‘method of 


adjusted significance levels,’’ m 


measures 15S 


ikes 


A. RYAN 


use of the “layer’’ method of testing 
and the rate of error 
perimentwise. In order to illustrate 
the manner in which the method is 
adapted 


controls ¢x- 


for use with a particular 
statistic, detailed proc edures are out- 
lined for the multiple comparison of 
and for 
example of nonparametric compari 
son of sample medians (Mann-Whit 
test). Tukey's method for multi- 
ple comparison of which is 
the the 
is also readily 


proportions, variances, one 


ney 
means 
based 


upon distribution of 


““studentized range’ 


adaptable to the multiple comparison 


of proportions, and instructions for 


its use are also included in this paper 
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